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RECENT ADVANCES IN SCIENCE 


MMXMMmMXXllM. By B. C. Titcbmamb, M.A.. Ualvetsity College. 
LoBdon. 

Subharmonic Functions.—-h subhannonic function is a function 
of two real variables x and y, u{x, y) say, such that for sufficiently 
small values of r 

+ r COS y + f sin 4 )^‘ 

Thus the value of the function at any point is not greater 
than the mean-value of the function taken round small circles 
with the point as centre. This class of functions may be 
regarded as the analogue for two variables of the class of convex 
functions of one variable, viz. functions u{x) such that 

“(*) ^ i {“(* -- *) + *)}• ■ 

The term subharmonic is justified by the remark that if u{x, y) 
is harmonic, ».«. satisfies Laplace’s equation p m » o, then 

u(x, y) - r cos y + r sin 

Any solution of a partial differential equation of the form 
PM*-/, where / is a positive function, is a subhannonic function. 

The theory of these functions is due to F. Riesz, " Sur les 
fbnctions subharmoniques et leur rapport k la th^orie du 
pottmtiel ” (Ada Math., 4 B» 1936, 339-43). Riesz shows that 
ftthharmonic functions have some of the properties of harmonic 
functions, they preserve their characteristic property under 
a 9(mlormal transformation ; and abo, if u(3r,y) is a subharmonic 
function, then 

I{r)-i };’«(* + r cos y + r sin 

IS an increusinK function of r. 

recoBtiy the subject has been extended in two papers 
hy 1 . E. liftiewood. In the first (“ On the Definition of a 
mluuiDSOdc Fuaction/* Journal London Math. 5 or., 8, 1937, 
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189-92) it is proved that the class of functioiu defin^ is un¬ 
altered if, instead of assuming that the above inequality hol<h 
for all sufficiently small values of r, we merely assume that it 
holds for some arbitrarily small values. Secondly, it is proved 
that we still obtain the same result if we assume instead the 
" averaged ” inequality. 

“(*» ^ I + P cos y + p sin 4 ) 

either for some or for all small values of r. 

In the second paper (“ On Functions Subharmonic in a 
Circle,” Journal London Math. Soc., 8» 1927, 192-6), the 
question of the limiting value on the circle ar* + y* — 1 of a 
mnction subharmonic in the drcle is discussed. It is well 
known that, if u{r, 6 ) is harmonic for f < i, and for some value 
of /> > 1 

|jK(r,8)rd0 

remains bounded as r i, then there is a function U( 0 ) such 
that (i) «(r, 6 ) -*• U(d) as r i for almost all values of 6 , and (ii) 

lim f I u{r, 8 ) - U(^) pdtf - o, 

1 J0 

or, as we say, u(r, 6 ) converges strongly to U(P) with exponent p. 
In the case of a subharmonic function we cannot prove quite 
so much. Littlewood proves the existence of a limit-function 
U(^) such that «(r, 6 ) converges strongly to U(^) with any 
exponent q less than p. 

Functions of Two Variables. —famous theorem of Hada- 
mard asserts that if the functions ./(£)-^a)-ri.«*, 
have singularities at the points a^, a„ . . . and Pt • • • 
respectively, then the singularities of the function F(«) - £an b» 
are to be found among the points a, fig. It seems to have 
been thought by Hadamard, and others who wrote on the 
same subject, that the corresponding argument, applied to 
functions of two variables, led to no result of any interest. 
It has now been shown by U. S, Haslam-Jones (” An Extension 
of Hadamard*s Multiplication Theorem,” Proc. London Math, 
Soc., 87 , 1927, 223-32), that this is by no means the case. 
His result is as follows : 

Let 

f{x, y)-XX g{x,y)^SS 

be two functions of the complex variables x and y, having 
singularities satisfying the relations p(x, y) • o, q(x, y) 



MATHEMATICS 3 

respectively, where p and q are analj^ic functions satisfying 
certain conditions. Then the singularities of the function 

F(*. y) “ bmn Xf” y* 

are to be found among the points given by jc =■ mm', y « w', 
where p{u, v) — o, q{u\ v') — o, and 


uv 


du dv* 





Suppose for example that 


SS 


(m + n) I 
mi ni 


y", 


Sx*y-. 


Then Haslam-Jones’s rule shows that the singularities of 
F(x, y) must satisfy 4 x y -» i. Actually 

n*.y) - - V ( 7 - ' 4Ay) - 

Some properties of bounded polynomials in several variables 
are discussed by 0. D. Kello^ {Math. Zeiischrifi, 87, 1927, 
SS-64). The general question is, pven the maximum absolute 
value of a homogeneous polynomial, what can we say about 
its coefficients ? Typical results are as follows : 

(1) Let Pnix, y) be a homogeneous polynomial of degree «, 
such that I Pr I ^ I for x* -■ y* - 1. Then the modulus of the 
coefficient of the term in x* y*”* cannot exceed the binomial 
coefficient 

(ii) Under the same conditions, the modulus of the derivate 
of P« in any direction never exceeds n for x* + y* ^ i. 

B 4 ssel Functions. —R. G. Cooke (" Gibbs’s Phenomenon in 
Fourier*Bessel Series and Integrals,” Proc. London Math. Soc., 
1937, 171-92) has mvestigated the Gibbs phenomenon 
which occurs in the Founer-Bessel expansion 


/(*) - A« J,(;« x), 

jm being the with positive zero of the Bessel function J..(e). 
‘The senes represents the function over the interval o<x< i. 
As lo^ as we consider internal points of this interval, the 
b<diaviour of these series is the same as that of the corresponding 
Fourier series, Hence if f(x) has a discontinuity of m^itude 
t at an internal point, the partial sums of the series take 
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values, near the dbcontintiity, which d^Ufer not merdljr hy e, 
but by 

»j. « 


times c. This is the phenomenon discovered by Gibbs. Hie 
main result of this paper is that, if /(») behaves like ex’"" near 
the origin, and if we multiply the above series by x*, we get 
values of the partial sums, not merely as large as c, but as large as 


r (io +Jk) J, 


Kl 


(v) dv 


times c. Here j,,i is the smallest positive zero of J, (»). If 
v -1 the series becomes a Fourier series, and the " Gibbs 
ratio ” reduces to 





sin V dv. 


If also 0 — 4 this reduces to the ordinary result. 

Similar results are also obtained in connection with Hankel’s 
formula 

f{x) - j u ]J,xn)du I / / {t)dt. 


This formula is also the starting>point of a paper by J. W, 
Nicholson (“The Bessel-Fourier Theorem and the Logarithn^c 
Bessel Function,” Quart. J. of Math., W, 1927, 297-314), in 
which a number of curious integrals involving i^sel functions 
are evaluated. It is first shown that for general functions /(») 

• m m 

where Yj^x) i« a Bessel function of the second kind. The 
following are some special results: 

j_ A WA,) UJA) JA) dA - i V( I + ,P), 

|AJ^A)y.(A)WA)ir.(A)dA-1, 

j AJXA)J.(A>)y^^)dA.o(y> I). 

Some more intrarals involving Bessel functions are evaliuHwd 
by G. N. Watson Jiimmal Imikm Math. 1^., % ipafi, 99^)^ 
It was suggested by Prof. £. T. Whittaker, firom i^yidoal 
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considerations/that there was a connection between integrals 
of the form 

i /(rt)K,(<l/) 

and the expression 

o* + 5* 4- c* 

+ i* + c*)*-4a'c'}* 

Prof. Watson now proves that in fact 

1 “ - Si - ■]• 

Fourier SmVs.—Prof. M. Riesz’s paper " Sur les fonctions 
conjugu^es” {Math, Zeitschrift, 27. 1927, 218-44), has at last 
appeared. This paper attained fame some years before its 
actual appearance owing to abstracts in the Comptes Rendus 
and the London Math. Soc. Records. It is one of the most 
striking and elegant of recent contributions to the theory. It 
is principally concerned with the theory of conjugate trigono¬ 
metrical series. If we are given a Fourier series 

fix) v/' i a« + 1* (a»cos nx + 6,1 sin nx) 

rnml 

then the conjugate series is 

Z (in cos nx — On sin nx). 

The classical theorenrs of Parseval and Riesz-Fischer tell us 
that if f{x) is a function whose square is integrable in the 
smrse of Lebesgue, then the conjugate series is also the Fourier 
series of a function Wx) with the same property. It remained 
long in doubt whether a similar result holds if, instead of the 

S uare, the />th power (p > r) of/(^ is integrable. This question 
. Riesz now answers in the affirmative; in fact there is a 
constant M depending on p only, such that 

^^\g{.x)\^dx<U^^\f(x)\^dx. 

the proof (hqnmds on a simple application of Cauchy's theorem 
to Hie complex function of which f{ 9 ) + ig{ 9 ) is the boundary 
value on the unit circle. 

Similar results are obtained for conjugate functions defined 
over the interval (- oo, 00). Such functions are connected by 
thelormuhe 
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and Riesz’s result is that if one of the integrals 

m o» 

I \gix)\>dx{p>x) 


is finite, then so is the other. 

If we consider the Fourier series of a function, not mwely 
at a particular point, but in the interval (o, 2it) as a whole, it 
is natural to ask under what circumstances the series is con¬ 
vergent almost everywhere in the interval. This question is 
very difficult, and we are far from being able to answer it com¬ 
pletely. It is known that a Fourier series is not necessarily 
convergent almost everywhere—there is a Fourier series which 
diverges almost everywhere. It has recently been stated 
by A. Kolmogoroff and D. Menchoff (“ Sur la convergence 
des series de fonctions orthogonales,” Math. Zeitschrift, 86k 
*927, 432-41), that there is a function of integrable square 
whose Fourier series diverges almost ever3rwhere ; but the 
proof of this is not given. The authors, however, prove 
that there is a sequence of orthogonal functions <^n{x) such 
that is convergent, while Za^{x) is divergent almost 
ever3nvhere. The construction of these functions is highly 
elaborate, and we are left wondering in vain what the 
Fourier series which has this property may be like. In a 
still more recent paper (“ Sur la divergence de series de Fourier 
de fonctions continues,” Compies Rendus, Oct. 17, 1927), 
G. Alexits states that there is a continuous function whose 
Fourier series diverges in a set of positive measure. Here 
the jjroof is given, but it seems to us to be inconclusive. So 
this interesting subject is left at present in a rather unsatis¬ 
factory state. 

In " A Note on the Fourier Coefficients of Unbounded 
Functions,” Journal London Math. Soc., 8. 1927, 151-4, 
U. S. Haslam-Jones proves that if 

“ 6|Mlqg|*/^|}* 

where B) is of bounded variation in (- « w), then the behaviour 
for large values of n of the Fourier cosine coefficients On off{ 0 ) 
is given by the asymptotic formula 

An + 0) + p{- o)} r(i - p) sin {^pn)n*"‘* (log w)”*, 

and there is a similar formula for the sine coefficients. 

A similar result, starting from the coefficients, is given 
G. H. Hardy {Journal Umdon Math. Soc., ipaS, 12-13). He 
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proves that if a. is positive and decreasing, and On ^ An~*, 
where A >o, o< e< i, when n -*■ oo, then 

f{$) ■■ 2 On cos nd V/) A sin J oir r{i — o) 

when 9 o through positive values. 

A well-known theorem states that any Fourier series may be 
integrated term by term between any limits. This may not 
be the case for trigonometrical series which are not Fourier 
series ; but it is so under very general conditions. Prof. E. W. 
Hobson, in a paper “ On the Integration of Trigonometrical 
Series,” Journal London Math. Soc., 8» 1927, 164-6, proves that 
a trigonometrical series may be integrated term by term if it 
converges to an integrable function /(*), except possibly at the 

E oints of a set E which is either enumerable, or is unenumerable 
ut contains no perfect set. 

S. Pollard (“ On the Criteria for the Convergence of a Fourier 
Series,” Journal London Math. Soc., 2» 1927, 255-62), discusses 
the relations between the convergence-criteria due to Dinl, 
de la Vall^e-Poussin, W. H. Young, and Lebesgue. It is shown 
in particular that the function considered by de la Vall^e- 
Poussin is the difference between the function considered by 
Dini, and its mean value. 

G. Alexits "Zwei Sktze ttber Fourier-Koeffizienten,” Math. 
Zeitschrift, 87, 1927, 65-7) obtains the following results: 
(i) let /(*) be a function with period lit, and having at 
most ” hebbare ” discontinuities i.e. such that at any point 
/(x + o) ■« f{x — o). Then if its Fourier coefficients a», b„, are such 
tnat nOn -*■ a, nb, -♦ b, it follows that a » A ■■ o. (ii) If f{x) is 
such that nOn -*■ o, nbm -*• o and /(* + o), f{x — o) exist, then f(x) 
has at most ” hebbare ” discontinuities. 

Interpolation. —Suppose we have a table of values, a, say, 
of a function at the points * — a + rw (r «■ o, ± i, db 2, . . .). 
Then there are several methods of interpolating between these 
values to obtain a function f{x), defined for all values of x^ 
and such that /(a + rw)—a,. One such function, Q{x), is 
defined by the formula 

f a,sin £(»-a-n.) 
x-a-rw 

This is called the cardinal function of the table. It was first 
considered by Whittaker, and by de la Vall^e-Poussin. It has 
the advantage that it is always free from vety violent oscilla- 
tions-^ih fact if C(*) is analysed into its periodic constituents 
■yne jj^ no period less than 2w. 

The fojtlowing problem now arises. Suppose we perform 
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a second process of interpolation, starting this time with the 
values of C(x) at the points x ■■ rw', and from these values 
form a second cardinal function Q (x). Is Cj (x) the s^e as 
C(x) ? This question was answered in the affirmative by 
W. L. Ferrar (*' On the Cardinal Function of Interpolation 
Theory,’* Proc. Royal Soc. Edinburgh, 10 , 1926, 3 a 3 -J 3 )» 
case where o < w' < w, and the series is convergent. 

This property of the reproduction of an interpolation formula 
by a second interpolation over a fresh set of values is called 
tne consistency of the formula. 

The consistency problem for w' -■ w is more difficult, but 
it has now been solved in another paper by Ferrar (“ On the 
Consistency of Cardinal Function Interpolation,” Proc. Royal 
Soc. Edinburgh, 47 , 1927, 230-42). There is a curious coinci¬ 
dence in the occurrence of the same formulae m this problem 
and in the problems of conjugate functions associate^ with the 
theory of Fourier series (see the paper of M. Riesz above 
referred to). In fact, the consistency problem considered here 
is much the same as the problem of proving that the conjugate 
function of a conjugate function is the same as the origmal 
function. The method of Ferrar depends on the use of complex 
integrals and the calculus of residues. 

We may note in the same connection a paper by S. Izumi, 
Japanese Journal of Math., ^ 1927, 1-6. Here a proof is 
given of the reciprocal formulae 



This is a special case of the above interpolation formulae. 

Integral Functions .—^The famous theorem of Picard, that an 
integral function takes every value, ^mth at most one exception, 
an infinity of times, seems to be going through endless exten¬ 
sions and ramifications. The latest developments are about 
what are called ” demi-droites.de Julia.” This means a line 
on which lies a sequence of points (1^ > o), sodji 

that, in the set of circles with centre Zp and radius d^Ji, the 
function f{e) takes every value with at most two exceptions. 
It was proved by G. Valiron {Bull, des Sc. Math., 8^ ipsfi, 
168-74), that if a function f{z) is regular and of order p in 
an angle greater than vjp, then there is in this angle at least 
one ” demi-droite de Julia.” H. Millotix (” Sur le th^mie 
functions entiifres d’ordrefinl,” Comptzs Rmdus, Dec. 19, 1997), 
now obtains the following further results. Let A be 
nu^nitude of the smallest angle which includes all ” dead* 
droites de Julia ” of an intej^l function f{z) of finite ot^ 
f{p>kY 
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(i) /I is not less than the smaller of njp and a* - irjp. 

In the remaining results, p>i. 

fii) If /3 — njp, f{z) is of regular growth in Borel’s sense. 

(iii) If < aw -ir/p, there are at least two “ demi*droites 
de Julia ” such that the exponent of convergence of the zeros 

— a, in the direction of each, is equal to p, except possibly 
for one value of a. 

(iv) If /(«) has only two " demi-droites de Julia,” they make 
an angle ir jp. 

G. Valiron (” Sur quelques propri^t^s des fonctions entires,” 
Comptes Rettdus, Dec. 19, 1927), considers a function f^z) of 
finite order p and regular growth, i.e. such that if M(r, f) is the 
maximum modulus of f{z) for | s | ■- r, then, 




If /»< J, €>o, there is a sequence of circles 


on which 




- R,, lim 


log R»+1 
log R, 


J, 


log |/(s) I > R.--. 


The result is more precise than that of Wiman, which says 
nothing about the distribution of the numbers R». If P ^ I 
we obtain similar results, but only on certain arcs of circles. ^ 
A result which completes those of Milloux noted above is 
that if /(«) is of order p > i, and has only two “ demi-droites 
de Julia,” then in any angle which lies between them 

log l/{«) I > 

Where •(r) -*« o when r -► 00. 

On the subject of an int^ral function F of another integral 
function /, Valiron obtains the inequality 

M{f, F(/)} > M[(i - «) M{(i - «)f. /}, F] 

for eveiy positive «. This Is an improvement on Polyd’s result 
{Joumm Lmdon Math. Soc., 1, 1925, 12-15), that 


M{f, F(/)} > M {c M(ir, /), F) 
whereo<c<i. 

Two functions G(a), g(z), are said to coincide at their a-points 
if G(t) - a and j^z) — a nave the same zeros with the same 
ordet' of multipnmy. K, Grand jot (Rendiconti di Palermo^ 
il» 1928, 58-42), gives a new proof of the theorem of Polyd, 
(iiat ilitwo functions of finite order coincide at their a, 6, c, 
where «, 8 , c, d, are unequal, then the functions 

•lire 'equid^ ' - 
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ASTBOVOXT. By W. M. Smart, M.A., D.Se., Obstrv&toiy, C«ai- 

bridge. 

The early months of 1928 have been noteworthy for the appear* 
anoe of three valuable collections of astronomical results. 
The first is the eagerly awaited Photographic Atlas of SeUctsd 
Regions of the Milky Way (published by the Carnegie Institution 
of Washmgtoi^ by the late Prof. E. E. Barnard, to which 
Prof. E. B. Frost of the Yerkes Observatory contributes 
an introduction. Vol. i contains fifty-one beautiful photo¬ 
graphs (with descriptions) of Milky Way regions, most of which 
show the obscuring effects of dark nebulosity. Barnard's 
aim has been to produce a set of photographs of some of the 
most interesting parts of the Milky Way in such a form that they 
may be studied towards a better understanding of its general 
structure. This aim has been most fully realised in the two 
volumes, the second of which contains charts and tables of the 
principal stars in the regions concerned. 

The second collection of results is vol. xvi of the Lick 
Observatory Publications, containing the measures of the radial 
velocities of some 2,600 stars, brighter than apparent magnitude 
5*5, as determined at Mount Hamilton and at the Lick station 
in Santiago between 1896 and 1926. In this long-sustained 
effort no less than 15,000 spectrograms were taken and 
measured. The introduction contains an investigation into 
the elements of the solar motion based on this extensive and 
homogeneous set of radial velocities. The Lick astronomers 
had determined these elements in 1901 and 1911 from the 
radial velocity data then available. The right ascension of 
the solar apex and the velocity of the sun (the value found in 
1927 from the results in this volume is 19-6 kilometres per 
second) show no striking changes with the increasing number of 
stars available at the different epochs; but this is not so with 
regard to the declination of the solar apex. The three values 
derived from the material collected in 1901, 1911, and 1927 
are respectively + 20“, + 25", and + 29*, the latter being very 
near the result obtained from the proper motion data of the 
bright stars. It would now appear that the somewhat per¬ 
plexing difference between the positions of the solar apex 
calculated from radial velocities and from proper motions has 
virtually disappeared. 

The third collection of results to which reference will be 
made is Dr. J. Vofite’s “ Second Catalc^ue of Radial Velocities," 
forming vol. iii of Annalen v. d. Bosscha-Sterrenwacht, Lemkang 
ydva). The first catalogue was published by Vofite hi 1931 ^ 
The second catalogue contains the radial vuocities of 3,830 
stars, 6 novae, 177 nebulae, and 19 clusters measured at one 
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or more of some sixteen observatories. The following table 
gives the largest velocities observed for stars of the different 
spectral types, velocities of recession being denoted by ( + ) 
and of approach by ( — ). 


SpMtml Typ«. km/ieo. 

Km/Mc, 

B . 

. . + lOI 

-- 60 

A . 

. + 338 

-350 

F . 

. . + 226 

“ 325 

G . 

• + 307 

— 242 

K . 

• + 274 

- 162 

M . 

. + 285 

- 191 

N . 

• + 39 

- 175 

R . 

• + 57 

- 383 

No* 4 of the 

Publications de 

I’Observatoire National de 


Prague is a memoir by V. Nechvile on the proper motions of 
3,8o3 stars. The point of departure of this research is a group 
of twenty-two photographic plates of different parts of the sky 
made between 1886 and 1889 by the brothers Henry of the 
Paris Observatory just before the inauguration of the ambitious 
and still incomplete project of a systematic photographic 
survey of the entire heavens. These early plates have been 
compared with plates of the same regions photographed 
between 1923 and 1934 with the same instrument; there is 
thus the long interval of about thirty-three years for detecting 
the proper motions of the stars. The old plates had an exposure 
of about two hours ; the recent plates, about hours. Stars 
down to magnitude sixteen have been measured. The author, 
it is to be remarked, has omitted to discuss the possibility of a 
magnitude error, the bugbear of investigations of this kind. 
The probable error of the proper motions in each co-ordinate is 
the very small one of ± per century. Nechvile gives a 
list of 402 stars with proper motions exceeding 8' per century ; 
this list will be useful to observatories engaged in parallax 
observations. It is remarkable that only fourteen of these 
stars are brighter than the ninth magnitude. Then follow 
dia|gp!«m8 showing the frequency of the proper motions in 
pontion angle, for each of the twenty-two regions. These 
diagrams show up the two star-streams quite conspicuously. 
Denoting the number of proper motions between ft and ft ■{■aft 
seconds of arc per century by f{ft)dft, Nechvile finds that 
when ft is CTeater than 4, tne function / {ft) is extremely well 
represented by Qt"*. This is the result which emerges from 
an assumed stellar distribution according to Seeliger’s formula 
ajr. In reaching this statistical formula, Nechvile lumped 
tocher the stars of all the twenty-two regions. With a dis¬ 
tribution formula of the type just mentioned, this procedure 

jfas justified, but with a formula such as Dyson’s, namely ^ «■■***• 
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e»di regi<m mi»t tM'ecicttidwoi a]oli9. The laroul;^ aboMi 
detivinff ljie law of atelier distribiitkm bom mcpet moAim 
data is that Uia ntunber ol proper motions hitherto availabie 
in any restricted region of the shy is really inadequate Isr 
statistical purposes. Nechvile then proceeds to derive the 
apices of the two drifts and the apex of the solar motion. His 
results are generally in agreement with those obtained in 
^milar investigations dealio^ with faint stars. His value for 
the declination of the solar apex is + 46**, confirming the value 
-f 44** derived from the Cambridge photographic proper motions. 
The stars are divided between the two streams in the proportion 
4 to 3. The memoir concludes with a careful investigation 
mto the photographic mai^tudes of the stars concerned. 

In MonAly NoHcts, jRui.S., 88» No. 5 (March 1938)1 IH*. 
Spcmcer Jones contributes a valuable discussion of the binai^ 
eystem of Procyon. As in the case of Sirius, the periodic 
imgularities in the proper motion of Procyon led to the in> 
ference that Procyon was in reality a double star, an inference 
that was not conmmed by visual observations till many years 
later. The companion is a very faint star, some 13 or 14 
magnitudes fainter than Procyon ; as the sraaration is small, 
the visual observations are of considerable dimculty. Assuming 
for the moment that the apparent orbit described by the faint 
companion aroimd Procyon is known, this information combined 
with the known parallax of the system leads to the value of the 
sum of the masses of the two components. The parallax 
Procyon is large (Procyon in fact is one of the nearest starst 
bdng just times more distant'than a C^tauii, the nearest 
star 01 all) and there is little reason to question the accuraey 
of the parallax value. The period of revcuution in the appanmt 
oihit is thirty-nine ^ears, ana there is abo little doubt conoemihg 
the accuracy of this ^ure. Frmn- the periodic inv«alaiitieB 
in the observed proper motion of Procyon, the ratio of the 
masses can be determined; then, ieom the known sum of the 
masses obtained from the viMial orbit, the mass of Procycei 
(and of its cpmpa^on) can be deduceci. 

The reason which prompted &>enoer JoneB to a complefee 
rediscussion of the obeervaticmal ciata is the not inconsidera^ 
deviation of Procyon from the mass-luminosity curve, bt 
his paper cm the '^Relation between the Masses and luminia* 
lities of the Stars 91b 3o8)> Prof> Eddington fotind 

that the difibnmce between the observed bolometric nu^tudd 
.(absolute) and that derived from bis theory on the baeb 
the contcmqionuy value cd Procyonb mass was no hns than 
cme magnitwie. TUs difference may ocighiatein an crnmneoni 
value of tito masa. 

SimnomJoaw%iiiinstigat^ proceeds in tliioepartt. twe 
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tlM! difcussiem of all available meridian poritkma of 
Pnxisron whk^, after Atiwer's method of treatment, leads to 
the ratio of the masses of Procyon and Its companion. Next, 
there is a rediscussion of the elemoats of the apparent orbit. 
Owing to the circumstances of the case, the inclination of the 
true orbit to the tangential plane of the celestial sphere is not 
well determined. The third part deals with observations of 
the radial velocity of Procyon which are sufficiently sensitive 
to give a reliable value of the inclination. Then the semi- 
major axb of the true orbit is deduced and from it and the 
other known data the sum of the masses of the components. 
Finally, the -mass of Procyon is obtained. When thu value 
of the mass is substitute in the mass-luminosity relation 
the greater part of the discrepancy between observation and 
thery disappears. 

In Astronomical Journal, vol. 28, p. 7, R. £. Wilson 
ccmtributes a note on the K term in radial velocities. It was 


shown first by W. W. Campbell in 1911 that the radial velocities 
of the stars (the radial components due to the solar motion 
having been deducted) did not show a random distribution; 
he found, for ev<^ part of the sky observed, a systematic 
vdodty of recession which for the B and M spectral types 
aanounted to 4 kms. per second, with smaller values for the 
intermediate types. Interpreted in terms of these numerical 
results from the measurement of radial velocities, it appeared, 
at first sight, that the system of stars was expanding at a rate 
which depended on spectral class. Campl^ pointed out, 
however, that the existence of the K term might be due to 
ammeouB values of the laboratory wave-lengths used in the 
reduction of the radial velocities; for exanmle, an average 
decrease of the -wave-lengths used for the B-type stars by 
<rie6 A would account for the whole of the K term found for 


ImM stars. In three papers between 192a and 1926—-Aslro- 
Journal, II (p. 361), (W (p. S7))i and m (p. 277)—S. 
Amredht ifiscussed the problem from this point of view and 
einiclnded that, as rtgards the B stars, the systematic errors in 
fl» nopnal wave-lengths could account for a part of the K 
teMn, leaving -f S'd Icms. per second still to be ea^lained. 

and downward convection currents in th^ 
idinsnpiiires have been suggested at various times as contri- 
lidfelni causes to the phenomenon. In 191S FreundUch 

as aeoltttfon of the K term the relativity displacement 

red. Allsrechtin tpadexamlned 
and showed that the residual -velocity of 4* 0*6 
jipli:AaeiMtin Hie K Imn for B-type stars could be Inter- 

dtsplacement if the masses of ihein 
tn,lie'.twenty-five times the' solar mass with 
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a density one-tenth that of the sun. For M-type stars the dis¬ 
placement would be comparatively insignificant. 

In the paper quoted R. E. Wilson returns to the measure¬ 
ment of the K term for the different spectral classes ; for this 
purpose, the radial velocities of 3,761 stars are available. 
Grouping the stars in 108 areas, he makes a statistical solution 
in two ways. 'I'he first is by means of the equation 

V - V, cos A + K, 

in which V is the average radial velocity of the stars in an area, 
Vi the solar motion, and A the angular distance of the particular 
area from the solar apex (assumed known). For all the stars, 
the solution gives 19-6 kms. per second for the value of Vi and 
+ 3'4 kms. per second for the value of the K term for 384 stars 
of type Bo — Bj, the K term practically disappearing for all 
the other types. The second solution is made by applying, in 
the above equation, the mean value of the solar motion found 
in the first solution. The values of K so found differ very 
little from the values obtained in the first solution. Thus it 
would seem that the enigmatic K term disappears almost 
completely, except for the early B type stars, for which the 
wave-lengths of the relatively few spectrum lines visible have 
been shown to be systematically in error, and for which the 
masses and densities are such that an appreciable displacement 
due to relativity considerations can be predicted. 

In Astronomical Journal, vol. 28, p. 56, Messrs. J. J. 
Nassau and P. D. Wilkins describe a new graphical method 
of determining the orbital elements of a visual binary. Three 
graphs are drawn in rectangular co-ordinates. In the first, the 
observed values of the position angle are plotted against the 
time ; in the second, the observed values of the angular separa¬ 
tion are plotted against the time. From the smoothed curves 
the third curve is obtained, in which angular separation is 
plotted against position angle. By various graphical devices 
and the application of certain well-known formulae, the elements 
of the true ellipse are obtained. The visual observations of 
70 Ophiuchi illustrate the method. The authors point out the 
several merits of their ^aphical process, and also one dis¬ 
advantage under which it labours, namely, that to effect a 
solution, the complete data for a complete period must, in 
general, be known. 

FHTSX08. By L. F. Bates, B.Sc., Pb.D., F.Iiist.P., University CoUege, 

London. 

American Contributions. —R. A. Millikan and G. H. Cameron 
{Phys. Rev., 81 , p. 163, 1928) contribute a further paper on 
experiments carried out at high altitudes to test the geographi- 
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cal, directional, and spectral distribution of penetrating cosmic 
rays. The experiments were made in the High Andes of 
Bolivia, and they were designed to test four interesting points. 
Firstly, it was desired to know whether lakes at high altitudes 
in the southern hemisphere would give an altitude ionisation 
curve coincident with that obtained for similar lakes in the 
northern hemisphere, and the South American lake chosen as 
most suitable for measurements below water was Lake Miguilla, 
near Caracoles, Bolivia. This is a snow-fed lake, 135 ft. deep, 
at an altitude of 15,000 ft., and surrounded by mountains on 
all sides. The determinations provided very clear evidence 
that the cosrnic rays are independent of geographical position, 
and hence the possibility that these rays are due to the impact 
of high-velocity electrons on the outer layers of the atmosphere 
must be excluded. Secondly, it was important to test the 
hypothesis, put forward by C. T. R. Wilson, that penetrating 
cosmic rays are due to the effects of high-velocity electrons 
generated in thunderstorms passing through the atmosphere. 
The above-mentioned lake, situated in a deep pocket surrounded 
by mountains, was completely shielded from electrons due to 
thunder-storms. The results obtained were the same as those 
found in areas not screened from thunder-storms. Moreover, 
sea-level observations, taken on the voyage to Bolivia during 
heavy thunder-storms, showed no variation in the cosmic 
ray readings. Thirdly, it was advisable to determine by 
deep-water readings the zero readings of three new electro¬ 
scopes of different shapes and sizes, and thus permit the 
determination of new values of the cosmic ray ionisation at 
sea-level, for which the values obtained by different observers 
vary considerably. The new measurements gave a consistent 
value of 1*4 ions per c.c. per sec. at sea-level. Fourthly, in 
pockets at very high altitudes the rays are three or four times 
as Intense as at sea-level, and hence it is possible to make 
reliable tests on the directional effects of the radiation. In 
particular, two sets of day and night observations, each of 
three days’ duration, carried out at a mining camp at an altitude 
of 15,400 ft., showed no difference between the radiation inci¬ 
dent in the plane of the Milky Way and that incident in a plane 
normal to it. In this new work the absorption coefficients 
varied from ^ 0*25 to /* — o*i5 per metre of water, from 

which the wave-length of the radiation was calculated from 
G)mpton’s formula to vary between 5-25 x io“* A and 
3*2 X 10”* A. 

Readers who are working on the collision of electrons with 
gas molecules will find much to interest them in a paper by 
Langmuir and Jones {Phys. Rev., 81 , p. 357, 1928). These 
authors have devised a simple method for the study of ionisation 
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phenomena with cmrente so lari^ that the customary methoib 
of examination are useless. The method is based on the fact 
that when a hot wire (^thode b surrounded by a highly ionised 
gas, we may consider that the main body of the gas is practi- 
cally field-free, and the potential drop between the cathode 
and anode is practically confined to a small region—a thin 
sheath—^which covers the surface of the cathode and in which 
there is a positive space charge. The outer edge of thb sheath 
is well deiced, the field of the cathode does not extend beyond 
it, and it therefore acts as an ideal grid for accelerating the 
primary electrons from the cathode into the field-free region. 
Tn the apparatus of Langmuir and Jones the thin wire cathode 
w^ surrounded by a concentric metal cylinder of length equal 
to that of the wire, and bv two insulated circular metal end- 
plates. The latter could be connected to the cylinder, and 
either plate or the cylinder could be used as the anode or as 
the collector. Usually, one end-plate was used as anode to 
produce strong ionbation of the gas, and the cylinder was 
used as collector, so that the electrons were projected from 
the hot cathode in strictly radial directions, and by an examina¬ 
tion of the current voltage characterbtics for the collector, a 
good deal of quantitative information on the degree and nature 
of the ionisation produced in various gases by a stream of 
electrons of known velocity (50 to 250 volts) could be obtained. 
It is impossible to give a complete account of their results 
h«‘e, but it may be mentioned that they have developed a 
theo^ and have calculated the mean angular deflection for 
elastic and inelastic collisions between electrons and gas mole¬ 
cules, and they have obtained evidence on the mechanbm of 
ionisation. The current densities of the various Maxwellian 


groups of electrons and the average temperatures of these 
groups have been calculated from the data and shown to be in 
good agreement with data obtakibd with Langmuir and Mott 
Smith's probe wire method (c/. Sci. Prog., vol. 22, p. i, 1927). 
They measured the current density of positive ions by bcrtih 
plane and probe wire collectors, and measured and abo 
calculated the space potential. They obtained evidexice in 
support of native anode faUs of potential, and measured the 
ions flowing to the anode separatdy by means of a perforated 
<x>llector. They measured the maximum number m positive 
ions produced by an electron with a given velocity before Iceii^g 
its ionising power and showed it to be independent of the 
current doisity and pressure, and dependent only on the 
velocity of the electron and the nature of the gas. In thdr 
paper they also give a great deal of informadon on tte mean 
free path of electrons whose velocity is above that given by 
the ionisation potential. 
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En^isk ConifibuHons. —^Prof. G. P. Thomson {Proc. Roy. 
Soc., 117 » p. 600, 1928) describes some very important experi¬ 
ments on the diffraction of electrons. He starts with de 
Br<^lie’s theory of mechanics, according to which a moving 
particle behaves as a group of waves whose velocity and wave¬ 
length are determined by the speed and mass of the particle. 
According to de Broglie, if m* is the mass of the particle for 
very slow speeds and v is the speed of a freely moving particle, 

h / 

then the wave-length. A, is given by A •» ~ /y/ i — —, and the 

wave velocity, v, is given by v = c*/w, the group velocity being®, 
the velocity of the particle, and c represents the velocity of 
light. Thus an electron may be considered as a group of 
waves, and for electrons which have traversed a fall of potential 
of 25,000 volts, we find the wave-length calculated on the above 
formula to be 075 x io“* cm., i.e. the wave-length is of the 
same order of magnitude as that of hard X-rays. Consequently, 
the waves associated with an electron should behave in many 
respects as hard X-rays. In his experiments. Prof. Thomson 
sends a beam of approximately homogeneous cathode rays 
through a very thin film of matter at normal incidence, and he 
obtains definite diffraction patterns similar to those obtained 
with X-rays in powder-tube experiments. The film of matter 
must be so thin that an electron is only once scattered in 
its passage through the film. Patterns are obtained with 
aluminium, celluloid, gold and platinum. They consist of a 
central spot surrounded by a system of concentric rings, and the 
diameters of these rings are found to be exactly of the magnitude 
predicted by de Broglie’s theory for electrons of the known 
velocities used in the experiments, and the values of the grating 
constants of the materials used are in agreement with those 
found from X-ray data. Sir J. J. Thomson considers these 
experimental results {Phil. Mag., fit p. 191, 1928), and shows 
that the waves which have thus been shown to exist may be 
ri^tarded as a consequence of classical dynamics if the electrical 
diarge on an electron is regarded as an assemblage of lines of 
force starting from the charge and extending into space. 
Relative dispmcements of these lines of force result in the emis- 
Gdon of waves of electric force. 

Prof. T. R. Merton {Proc. Roy. Soc., 117 f p. 542, 1928) de- 
si^bes a new type of striated discharge which he recently 
discovered in discharge tubes. His tubes were of about 20 
bore, and from ao to 40 cm. long, and they were provided 
wi^ Mde>tubes containing phosphorus pentoxide, potassium 
l|^ehro 3 dde, and potassium permanganate. Carbon electrodes 
were uaedi, and a palladium regulator was sometimes attached 
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for the removal of hydrogen. Helium was placed in the tubes 
at a pressure of 30 to ao mm. of mercury. In the early stages, 
the tubes showed the Angstrom carbon bands, the Swan bands, 
and the line spectrum of helium, but after prolonged working 
and heating of the palladium regulator, the above bands were 
replaced by a spectrum characteristic of the tails of comets 
and due to carbon monoxide molecules, an intermediate stage 
with a triplet system of bands being usually observed. A 
very unstable system of striae was also sometimes observed. 
The tubes were capable of attaining a stable condition in 
which they exhibited an almost uniform green glow, when 
they were excited by the uncondensed discharge from a high* 
tension transformer supplied with alternating current at 
50 cycles per second. The spectrum of this green glow con¬ 
sisted of the comet tail-bands, a feeble line spectrum of helium, 
and faint Swan bands. If, under these conditions, the working 
of a tube was violently disturbed, e.g. by the sudden introduction 
of a condenser and spark-gap into the circuit or by a sudden 
variation of current, a new type of discharge was started. 
The glow became irregular, and bright yellow patches were 
seen to be arranged in a rather irregular spiral along the tube. 
These patches emitted brilliant helium spectra. On cutting 
out the condenser and spark-gap, these patches seemed to run 
together rather quickly, and a symmetrical disc, sometimes 
10 mm. thick, was formed. The disc at first wandered about, 
but ultimately settled down in a fixed position, where it remained 
for as long as 10 minutes before breaking up with the estab¬ 
lishment of the uniform green glow first seen in the tube. If 
several discs were simultaneously formed they either broke 
up, or, more frequently, combined to form one single disc. 
The spectrum of the disc was peculiar in that it showed the 
comet tail-bands very brightly, but showed no Swan bands. 
A powerful beam of light was strongly scattered in the ne^h- 
bourhood of the disc, the scattered light being almost sky-blue 
in colour, and almost completely polarised. This was un¬ 
doubtedly due to the presence of small particles of carbon. 
Examination by a rotating mirror showed the presence of 
faint, rapidly moving striations throughout the tube. The disc 
was unaffected by a weak magnetic field. It could be made 
to travel along the tube with any desired velocity, by con¬ 
necting a number of accumulators in series with the high- 
tension alternating current, in order to give the current a mas 
in a definite direction, the accumulators bein^ connected in 
the circuit after the disc has been formed. This is an exceed¬ 
ingly remarkable phenomenon, when we remember the high 

E ressure of the gas in the tube. Other gases were used besl^ 
elium, but the disc discharge was not established, except on 
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rare occasions in a neon tube provided with carbon electrodes. 
The disc seems to require a carbon fog for its formation, and 
Prof. Merton suggests that the very rare globular lightning 
discharges which are recorded are examples of single discs 
descending from a charged cloud to earth. The theoretical 
discussion of this problem will undoubtedly be awaited with 
great interest. 

The study of pleochroic halos is a very interesting one. 
As is well known, they represent a kind of radioactive staining 
of mica produced by a small amount of uranium present in the 
nucleus of a halo. It is also well known that such halos in 
biotite disappear on heating for a short time at a dull red 
heat, and it was somewhat natural to assume that their dis¬ 
appearance was similar to the disappearance on heating of 
the violet colour in glass which has been produced by exposure 
to the radiations from radioactive substances. Dr. J. H. J. 
Poole {Phil. Mag., 6, p. 132, 1928) has recently examined the 
effect of heat on such halos. He finds that the halos may 
always be made to disappear by heat treatment, but they 
are never reversed, i.e. they never become lighter than the 
surrounding mica, although they sometimes are found reversed 
in the natural state. He concludes that the progressive 
darkening of the mica with heat treatment, which results in 
the loss of contrast between the dark halo and the surrounding 
mica, is due to loss of water by the mica. He therefore suggests 
that the X-rays from the radioactive nucleus of the halo produce 
a similar effect, i.e. they decompose the water present in the 
biotite leavii^ dehydrated and darkened mica. This of course 
does not explain the presence of reversed halos, which are 
presumably due to special causes. In a later note {Phil. Mag., 
fit p. 444, 1928) Dr. Poole points out that an alternative view 
seems more acceptable, namely, that the oxygen liberated by 
X-rays in the decomposition of water reduces the colourless 
ferrous iron present in the mica to the highly coloured ferric 
state, and that when mica is heated the water present is in 
the form of a gas well above its critical temperature, and 
produces a similar oxidation. 

The discovery that the band spectra of the halogen salts 
of the alkaline earths may be very conveniently observed in 
absorption a^inst a continuous background spectrum, has 
led G* H. Wmters and S. Barratt {Proc. Roy. Soc., 118, p, 120, 
1938) to investigate these spectra thoroughly. They find that 
by heating excess of the metal with its halogen salt, the band 
spectrum in absorption can always be produced, and the 
spectrum is free from oxide bands and other interfering spectra. 
’1^ toKpexixt^ti are carried out by heating the mixture in a 
Steel tulm up to tmnperatures of 1,000“ to 1,200“ C., and a 
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very simple and effective device is adopted to prevent deposi¬ 
tion of the vaporised substances on the windows at the en<te of 
the tube. The results show that the band spectra obtained 
are resonance spectra of molecules of the type MX, which 
must therefore exist in equilibrium with the metal and its 
normal salt, MX,, at temperatures above i ,000° C, A further 
point of interest is that the CaF band 5292, when examined, 
under a dispersion of sA per mm., appears to have a very 
different structure in emission and in absorption. In emission 
it consists of a number of doublet lines with a separation of 
about 2A, which conform to a Deslandres formula. In absorp¬ 
tion, a large number of fine lines are present in the band, and 
the fine structure only appears at reduced pressures. 

A short time ago, Profi P. E. Shaw disturbed us by showing 
how extremely fallacious are many of the dogmatic statements 
made in connection with frictional electricity. He has con¬ 
tinued his work with C. S. Jex (Pror. Roy. Soc., 118, p. 97, 
1928), and they give us the results of rubbing glass rods, prepared 
in various definite ways, with pure solid elements in an 
apparatus which ensures constant conditions of pressure and 
surface during the rubbing. The curves showing the relation 
between the charge and the amount of rubbing are very 
interesting. Some elements, Cd, Fe, Pb, Bi, Ag, Cu, Au, 
Pt, Mg, and W never show negative charge with any type of 
the glass surfaces used. Other elements, Zn, Sn, Al, Sb, Hi, 
Co, Te, As, Cr, Tl, and S show an ultimate negative charge 
after a sufficient amount of rubbing. The influence of layers 
of acid, alkali, or water on the surface of the glass is very 
great. In a further communication, Shaw and Jex (loc. ciV., 
p. 108,) give the results of rubbing the elements used in the 
above experiments with specially cleansed textiles, silk and 
cotton, wrapped round glass rods. The arrangement of the 
various elements according as they charge textiles and glass 
is found closely to correspond with their chemical properties. 
It is clearly shown that it is impossible to arran^ a simple 
tribo-electnc series of one column to include all solids, for the 
elements Al, Mg, Cr are positively charged when once rubbed 
under standard conditions with silk and negatively charged 
when so rubbed with fused glass, and Ni, Zn, Sn, and Co are 
positively charged when rubbed with silk and negatively chaigied 
when rubbed with well-washed glass. Yet silk is always posi¬ 
tively charged when rubbed with glass under the aTOve 
standard conditions. Surface strains play a very importm^ 
part; e.g. a smooth glass surface rubb^ with sil& under 
above standard conditions is, as we have just seen^ negatiy^ 
charged, but it becomes positively charged when well nibbed/ 
owing to surface strains produced by rubbing, and a matt 
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i^ss surface may remain negative to silk even after prolonged 
rubbing. 

German ConiribuHons.—The most important German con¬ 
tribution is probably that made by Sommerfeld {Zeit. fiir Phys. 
47, p. I, 1928), in which he develops the statistics of Fermi 
and Dirac, and applies them to the electron theory of metals 
with such success that this theory is now restored to life and 
vigour. In fact, other workers have already realised its impor¬ 
tance and have made use of it. Thus, R. H. Fowler {Proc, 
Roy. Soc., 118 , p. 229, 1928) has used the theory to explain 
the problems pointed out by O. W. Richardson (Proc. Roy. Soc., 
117 , p. 719, 1928), namely, that there exists a sharp photo¬ 
electric threshold frequency, and that the energy associated 
with this threshold frequency is equal to the thermionic work 
function. Sommerfeld shows that the electrons in a metal 
may be regarded as a perfect gas, but a perfect gas in which 
the electrons are so concentrated that they are almost tight 
packed. As a result of the highly degenerate nature of this 
system the contribution of the electrons to the specific 
heat of the metal is about one-sixtieth of the contribution 
expected on the older classical theory, so that one of the main 
objections to the electron theory of metals disappears. The 
chief distinction between the new statistics and the classical 
is that to a first approximation the former requires that the 
mean velocity of the electrons should be independent of the 
temperature. The new statistics are applied directly to the 
classical hypotheses of the theory of electrons in metals, and 
Sommerfeld successfully explains the Wiedemann-Franz law, 
the Richardson thermionic formula, the emission of electrons 
by cold metals, and obtains the right order of magnitude for 
the Thomson coefficient and its variation with temperature. 
The theory gives, however, the sign of the Hall effect to be 
always that of bismuth, and is unable to deal with supracon- 
ductivity. However, the theory has notable successes to its 
credit, and we are likely to hear a great deal more of it. 

In a long paper (Ann. der Phys., 86 , p. i, 1928) Karl Kohl 
examines the method and theory of production of short un¬ 
damped electric waves by means of thermionic valves. Bark- 
hatisen and Kurz (FAvs. Zeit., 8 X, p. i, 1920) found that waves 
less than 1 metre in length could be produced when the plate 
was negatively charged and the grid positively charged, and 
they concluded that the vibrations responsible for these waves 
wete due to dectrons which moved backwards and fonvards 
through the grid, and. in fact, the mathematical investigation 
of tlra idea iwoduced a certain amount of support for this 
theacny j but there existed no satisfactory picture of the pro- 
duetifitti nf . these electron movements. The shortest waves 
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produced by Barkhausen and Kurz were 45 cm. in length, and 
they found the waves to be completely independent of outer 
circuit connections, but very dependent on the impressed 
voltage and the filament current, and they observed at times 
sudden variations in the wave-len^h and intensity of the waves. 
Breit {Phys. Rev., 28 , p. 300, 1924) succeeded in producing 
undamped waves ^ cm. in length when the plate was insulated 
and the grid positively charged. Now, previous to Kohl’s 
work, short waves produced by reaction methods were of wave¬ 
length greater than i metre, and the first object of Kohl’s 
research was to develop the shortest possible waves by a reaction 
method and a high positive plate potential and to determine 
whether the mode of production of these short waves differed 
from that of long waves. He came to the conclusion that 
waves of length down to 75 cm. could be produced in valves 
with positive plate potentials, if the valve components them¬ 
selves formed a small oscillatory system. The method for the 
production of still shorter waves was thus made clear, and he 
succeeded in producing undamped waves of 60 cm. wave-length 
in the plate circuit, and of 30 cm. in the grid circuit, by means 
of specially constructed valves. The time of passage of an 
electron in the valve had to be of the order of magnitude of the 
period of the vibration produced, so that the valve possessed a 
negative resistance, and energy was imparted to the oscillatory 
circuit by means of induction effects. Kohl is of the opinion 
that, provided valves can be made to stand the strain, there is 
no reason why waves of length 10 to 15 cm. should not be 
obtained. 

Kriiger, Reinkober and Koch-Holm (Ann. der Phys., 85 , 
p. 110, 1928) have investigated the residual rays—Reststrahlen 
—obtained by reflection from mixed crystals. In particular, 
these workers wished to determine whether the natural fre- 
(|uencies of the two components were affected when they crystel- 
Iised together, whether the mixed crystals exhibit one deffnite 
natural frequency corresponding to a mean value of the two 
components, or whether several natural frequencies can occur. 
The pure substances NaCl, KCl, and BbCl were used, together 
with a mechanical mixture of NaCl and KCl and mixed crystals 
of NaCl + KCl, KCl + RbCl and KCl + TlCl in a series of 
different concentrations. The residual rays from thrae sub¬ 
stances were isolated by repeated reflection of the radiation 
from a Nernst lamp and were examined by a diffraction grating. 
It was found in the case of the mixed crystals that the residual 
rays of. the two com^ionents were not present in the reflected 
radiation, but each mixed crystal exhibited a definite vibration 
whose wave-length was between those of the two constituents 
of the crystal, and which increased as the concentration of the 
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comTOnent with the longer wave-length increased. Within 
the limits of experimental error, the displacement of the natural 
frequency of the mixed crystal was proportional to the change 
in concentration of the two components. Some experimental 
difficulties were experienced owing to the selective absorption 
of layers of moisture on the surface of the mixed crystal, and 
it was found that when a mixed crvstal disintegrated, the 
natural frequency of the mixed crystal gradually disappeared, 
and the natural frequencies of the pure components appeared 
in the residual rays. 

Some time ago Paschen {Ann der Phys., 71 , pp. 151 and 
537i *923) ^showed that when a direct current discharge passed 
from a sputtering aluminium cathode through helium, the first 
spark spectrum as well as the arc spectrum of aluminium was 
obtained in the negative glow. S^Uler (Zeit. fiir Phys., 85 , 
p. 323, 1926), in describing his hollow cathode discharge tube 
as a source of light, pointed out that collisions of the second kind 
might occur in these tubes. Frerichs {Ann. der Phys., 86, 262, 
1928) has now used this idea in examining the processes which 
occur in a mixture of pure rare gases and metal vapours. He 
first used Paschen's hollow aluminium cathode tube method 
with helium, neon, and argon, and later extended his observa¬ 
tions to the metals Mg, Zn, Cd, and Cu. In addition, he examined 
the light emitted by the positive column and the light proceeding 
from a side-tube communicating with that in which the discharge 
took place. He found that in the glow discharge inside the 
hollow cathode the energy of the excited rare gas atom more or 
less accurately represented the amount by which an ion of the 
metal of the cathode could be excited, i.e. in a tube containing 
argon, the spark spectrum of the metal was limited by terms 
which required energy corresponding to the first critical potential 
of argon to be supplied to the ion of the metal, by collision of 
the second kind between the ion and an excited argon atom. 
The course of events seemed to be that the rare gas atom was 
first excited and then gave up its excitation energy to the 
mixture by means of a collision of the second kind, the excitation 
eneigy’ being imparted either to an atom or to an ion. In the 
negative glow the ions seemed to acquire this energy the more 
readily, but the atoms appeared to be the more strongly excited 
in the positive column. 

StOCmilXnmT. By R. Kbith Cannam. M.Sc.. University CoUege, 

Ixttdon. 

TAs Vikmxns, -The interest which has been awakened by 
certain recent studies in the biochemistry of the vitamin of^ 
a suitable oppoituni^for a report upon the progress which has 
al^eaded the work ofthe past two or three years in this field. 
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Vitamin ‘Although, at one time, it api>eared that we 
were on a fair way towards the discovery of the ch«nical nature 
of this nutritive factor it must now be acknowle<^[ed that we 
seem still to be far from the goal. Claims had, indeed, been 
made that a material isolated from the unsaponifiable matter 
of cod-liver oil in the laboratory of the late Dr, Talmhashi (cf. 
this report June 1924) was the pure vitamin. This material 
which was given the name “ biosterin ” and the formula 
C|7H4.(0H), has now been further examined in the same labora¬ 
tory (Nakamiya and Kawakimi, Inst. Chem. Research {Japan), 
1927, 8, 62, and 7 , 121). Upon hydrogenation, an operation 
which destroys the growth-promoting factor, there were isolated 
batyl alcohol, nonacosane, myricyl alcohol, an unknown un¬ 
saturated alcohol and some octadecyl palmitate. On the face of 
it, there seems to be little doubt that " biosterin " is, therefore, 
a product similar to that obtained by Drummond from cod-liver 
on by similar methods (this report, January 1925) and which was 
demonstrated to be a complex mixture of unsaturated alcohols 
and hydrocarbons. 

Meanwhile evidence is accumulating that the great reputa¬ 
tion of cod-liver oil as a rich source of vitamin A is a reputation 
which has been too easily won, for it now appears that the liver 
oils of certain other fish may exceed cod-liver oil one hundred¬ 
fold in potency, whilst the liver oils of herbivorous animals such 
as the ox and sheep, and even the oil of human liver, may be 
ten times as active as a good sample of cod-liver oil (Rosenheim 
and Webster, Nature, 1927, 180,1440; Biochem. J., 1927, U, 
III; Wilson, Biochem. J., 1927, 81 , 1054). The industrial 
significance of this in respect of the enrichment of foods, not¬ 
ably margarine, with inoffensive sources of vitamin A is obvious. 
This extensive biological survey by Rosenheim and Webster 
has incidentally assembled a great deal of data in support of 
the view that the colour reactions described by Rosenheim 
and Drummond {Biochem. J., 1925, 19 , 753), and believed by 
them to be due specifically to vitamin A, are indeed to m 
attributed to it and not to other substances present in the 
vitamin preparations. Further work by Csot and Price 
{Biochem. J., 1926, 80 , 497) and by Rosenheim {Biochem. J.f 
1927,81, 386) has elaborate the test and has sought to inqi^ 
into its mechanism. Another colour test has been described by 
Fearon which, at first sight, had many advantages for quantita¬ 
tive work. It appears now to be generally agreed that this, 
test is not due to the vitamin at all but to another substance 
frequently but not necessarily present in natural fiats. This 
su|istahce, unlike the vitamin, passes, on saponifioition of the 
fat, into the fatty add fraction. 

Vitamin D. — ^It is now a matter of wide knowledge that 
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anti-rachitic properties may be induced in highly purified 
cholesterol by irradiation with ultra-violet light (this report, 
July 1935). The exi>loitation of this observation has brought 
us very dose to the discovery of the chemical nature of vitamin 
D. Rosenheim and Webster (Biochem. J., 1926, 20, 537) were 
able to remove the inactivated cholesterol from the irradiated 
material by precipitation with digitonin, thus attaining a 
considerable concentration of the anti-rachitic activity such 
that 0*01 mg. of their material per diem was a physiologically 
protective dose for a rat. The same workers (J. Soc. Chem. Jnd., 
1926, 46 , 932) demonstrated that cholesterol, which had been 
regenerated from a specimen of its dibromide, could not be 
activated by ultra-violet light. This observation led them to 
the conclusion that there was present in all their “ highly purified 
samples of cholesterol ” some impurity which was the true pre¬ 
cursor of the vitamin and which was irreversibly destroyed by 
bromination of the cholesterol. The fact that it was not possi¬ 
ble to activate cholesterol if oxidative changes were allowed to 
occur during the process also pointed to the labile character of 
the provitamin (Hess, Weinstock, and Sherman, J. Biol. Chem., 
1926, 70 , 123). Meanwhile entirely independent evidence was 
marching to an identical conclusion. Heilbron, Kamm, and 
Morton T/. Soc. Chem. Ind., 1926, 46 , 932) observed that the 
ultra-violet absorption spectrum of cholesterol appeared to 
be a composite one. They succeeded in separating their “ pure 
cholesterol ” into two fractions one of which—true cholesterol— 
gave only general absorption in the ultra-violet, the other giving 
three well-defined bands. Upon irradiation of the latter sample 
these absorption bands disappeared and, simultaneously, anti¬ 
rachitic properties appeared. While this work was proceeding 
\^daus and Hess {Nach. Ges. IViss. GdtHngen, 1927, 176 , 84) 
and Rosenheim and Webster {Biochem. J., 1927, 21, 78) were 
making a systematic study of ^e effect of irradiating a large 
numb^ of substances related to cholesterol. Amongst these 
they tried the highly labile triply unsaturated sterol, ergosterol, 
C|fH«iP< When this was irradiated there resulted a very 
acnve product whose protective dose for rats was as low as 
io“* mg. per diem. That is to say, i mg. of this material was 
equivalent in anti-rachitic activity to about 200 c.c. of a good 
sample of cod-liver oil. In view of this potency and of the fact 
that the absorption spectrum of ergosterol is closely similar to 
that of the substance separated from cholesterol by Heilbron 
and his associates and in view of the sensitivity of ergosterol to 
oxidation both Windaus and Rosenheim agree in concluding 
etgosterol is the true provitamin D. It is interesting, and 
i^ort^ from the point of view of hygiene and the curative 
4 dMct auidl^ treatment in rickets, that the longer wave 
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radiations of solar ultra-violet light are capable of activating 
eigosterol. It will be remembered that there is present in the 
slan a high concentration of cholesterol and, presumably there¬ 
fore, important amounts of ergosterol. 

Jendrassik and Kamtoym (Biochem. Z., 1927, 189 , 180) 
differ from the conclusions of the above authors in certain 
important particulars. They claim to have succeeded in 
activating ^olesterol which has been regenerated from its 
dibromide and, further, have repeatedly activated cholesterol 
'after removal of the active fraction at each activation by 
washing and recrystallisation. Jendrassik and Kem^nyffi come 
to the remarkable conclusion that although cholesterol is not 
itself the true provitamin, it does give rise to it on contact with 
water. When the last trace of water is removed from choles¬ 
terol they find the product is incapable of activation by means 
of ultra-violet light. The reconciliation of these conclusions 
with those of Windaus and Rosenheim should go some way 
towards elucidating the exact chemical nature of vitamin D 
and of its precursor substance. 

Vitamin B. —^The accessory food factor which has hitherto 
been described as vitamin B is now generally thought to consist 
of two substances having distinct chemical and physiological 
properties. In this respect the water-soluble vitamin is follow¬ 
ing out the history of the original fat-soluble A. The physiolo¬ 
gical properties which we have learnt to associate with the 
composite vitamin B are growth-promoting properties and 

E rotective properties against avain polyneuritis, human beri- 
eri and human pellagra. Chick and Roscoe {JBiochem, 
1927,81,698) ascribe these characteristics to two distinct factors 
which they describe as the “ antineuritic ” (preventing poly¬ 
neuritis in birds, paralysis in rats and beri-beri in man) and 
the “ pellagra-preventive ” (necessa^ for growth and pre¬ 
venting pellagra in man). Reviewii^ the literature, they 
indicate that there are notable differences in the natural dis¬ 
tribution of these two factors. Thus the antineuritic factor is 
predominant in the wheat embryo, whereas in milk, meat, and 
green leaves there is little of this factor but much of thegrowth- 
promoting vitamin. There are, moreover, dbtinct diffWences 
m physical properties, notabl3r in solubility in organic solvents, 
in famty of adsorption and in stabilitv to heat. An extract 
of yeast submitted to a temperature of 120” C. for four hours 
suffers destruction of almost all its antineuritic properties, 
whereas it remains a potent source of the growth-promotir^ 
vitamin. Observations of Goldberger (U.S. PubHc Health Rep,^ 
1924, 88 , 87 : 1935, 54 ; 1936, 41 , 297 and 102s) and of 

Hassan ana Drummond (Biochem. /., 1927, 81 , 653) on the 
distinctive accessory nutntive prop^ies of autoclaved yeast 
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and of alcoholic extracts of yeast point again in the direction 
of the comi)osite character of vitamin B. The general agree¬ 
ment in this conclusion is witnessed by the concern of the 
Accessory Food Factors Joint Committee of the Medical 
Research Council and the Lister Institute to find a nomen¬ 
clature suited to these developments. Their tentative sug¬ 
gestions deserve quotation as they appear to be the simplest 
way out of the present difficulty and, at the same time, are 
suggestive of a general plan for dealing with a like problem 
should it arise—as it is likely to do—in respect of other 
vitamins. 

The su^estions of the Committee are as follows : (i) The 
name “ vitamin B ” should be retained to describe the group 
of water-soluble vitamins to which it was first applied by 
McCollum and Davies in 1915. (2) The name “ vitamin Bi” 
should be employed to describe the more heat labile anti- 
neuritic vitamin required to prevent polyneuritis in birds, 
marasmus in mammals, and beri-beri in man. (3) " Vitamin 
B," should be used to designate the more heat stable com¬ 
ponent necessaiy for the maintenance of growth and health 
and the prevention of pellagra in man and certain characteristic 
skin lesions in rats. Finally (4) the name " bios ” should be 
retained to describe the factor responsible for encouraging the 
rapid growth of yeast cells. Adopting this classification, it 
may now be reported that progress has been made in the 
purification of vitamin B| in England, in Holland, and in 
Japan (Kinnersley and Peters, Biochem. 1927, 21 , 777 ; 
Jansen and Donath, Proc. K. Akad. Weiensch. Amsterdam, 
1926, 29 , 1390 and 1927, 80 , 376 ; Suzuki and Sakashi. Set. 
Papers. Inst. Chem. Research, 1926, 4 , 295, and 1927, 6, 191). 
Kinnersley and Peters have been engaged upon the purification 
of a yeast extract—which they call torulin—^to the point that 
0*15 to 0’30 mg. per diem is a curative dose for polyneuritis in 
pigeons. Their method consists in removal of impurities by 
successive precipitations with lead acetate, mercuric sulphate, 
and baryta and then adsorption of the vitamin on and elution 
from “ norite ” charcoal under special conditions. The material 
obtained by the Japanese workers has been given the name 
“ Oryafyanin.” It is curative in pigeons in a dose of $ nag. 
When boiled with dilute adds it yields glucose, choline, nicotinic 
acid, and 2*6 dioxychinolincarboxylic add. The latter com¬ 
pound is said to stimulate growth of yeast, whilst the related 
substance 2*6 dioxychinolin hydrochloride is reported to cure 
avain polyneuritis. Jansen and Donath have obtained from 
100 kilo, of rice polishings 1*4 gm. of a substance containing 
as per cent, of the original antineuritic activity of the polishings. 
It 18 said to be a b^e with the empirical formula CfHxoON, 
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and is thought to contain a glyoxaUne rin^. It is to be noted, 
however, in the latter connection that Kinnersley and Peters 
observe that the Pauly reaction which is given by torulin 
becomes progressively diminished as further purification pro¬ 
ceeds. With the experience of the purification of vitamin D 
before us we must follow with extreme caution these tentative 
feeling towards the identification of the chemical nature of a 
vitamin whilst it is still contaminated with much inert allied 
material. 

The question of the nature of the physiological rdle played 
by vitamin B has been experimentally reviewed during the 
year. In particular the view, contributed to from various 
out elaborated in particular by Abderhalden and Hess sources 
(Z. Physiol. Chem., 1921, 117, 284) that the vitamin plays an 
essential part in the oxidative mechanisms of the tissues, has 
been criticised. Drummond and Marrian {Biochem. 1926, 
80, 1229) and Drummond and Kon {Biochem. J., 1927, 81, 632) 
arrive at the conclusion that there is no evidence an impaired 
oxidative capacity in vitamin B deficient animals other than 
that which is always associated with extreme conditions of 
inanition. Indeed starvation appears to play a large part in 
the events following lack of this vitamin. It will be remem¬ 
bered that Mendel and Cowrill have emphasised a curious 
association of vitamin B with the phenomenon of appetite. 
No significant difference was found between the n&rvt lesions 
in the deficient animals and those which are produced by inani¬ 
tion (Lavrov and Matsko, J. de Biol, et de Med. Exp., 1926, 9, 
71). The cause of the nerve lesions are obscure. They can 
only be slight, since iniection of a vitamin preparation restores 
the animal to a normal condition in a few hours. A suggestive 
line of inquiiT, which, however, has not yet developed into 
any clear conclusion, is that the vitamin requirement is governed 
by the amount of food taken and by the ratio of protein, carbo¬ 
hydrate, and fat in the diet (Drummond and others, Boichem. J.. 
1926, 80, 1256 ; 1927, 81, 653 ; Boas, ibid., 1927, 81, 712), and 
to the total calorific value of the food (Plimmer, Rosedale, and 
Raymond, Und., 1927, 81, 913). 

Vitamins C and E, —Little has been added during the past 
two years to our knowledge of the biochemistry of the anti¬ 
scorbutic vitamin C or of the antisterility vitamin E. Bezssonoff 
{Compt. rend., 1926, 188, 1309) suggests that vitamin C is a 
complex of two factm dififmng in heat stability, but the 
suggestion has not been developed far. Hoyle and Zilva 
{Biochem. J., 1937, 81, 1121} have continued the study of the 
reducing properties df dedtrated lemon juice in relation to 
the conditions which determine the stability of the vitamin. 
With regard to vitamin E, Sure {J. Biol. Chem., 1927, !Ht, 37 
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and 71) reports the occurrence of sterility or diminished fertility 
in rats in which cod-liver oil was the sole source of fat and fat- 
soluble vitamins. The addition of 10 per cent, of butter or of 
0*035 per cent, of the unsaponifiable matter from cotton-seed 
oil served to restore fertility. Hartwell (Biochmt. J., 1927, 
SI, 1076) confirms the value of butter and the inadequacy of 
cod-liver oil. Simmonds, Becker, and McCollum (/. Amer. Med. 
Asoc., 1927, 88, 1047), on the other hand, report that liver oils 
are rich in this vitamin. The latter workers are of opinion 
that lack of vitamin E leads to death of the foetus through a 
defect in iron assimilation. This may be mitigated by adminis¬ 
tration of ferrous citrate. 

Enzymes .—It was reported a few years ago in this review 
that R. Willstatter was developing a massed attack upon the 
problem of the chemical nature of enzymes and their actions. 
Since the inception of this work the output from this laboratory 
has been prodigious and its significance fundamental. The 
work has proceeded from a laborious experimental survey of 
the technique and principles of the problem to a comprehensive 
definition of the subject which constitutes a great contribution 
to biochemistry. In a recent lecture to the Chemical Society 
of this country (/. Chem. Soc., 1927, 1359), Willstatter has 
summarised the main contributions of his laboratory and out¬ 
lined his present views upon the nature of enzymes and their 
activity. The lecture will be widely read. 

In the first place, Willstatter’s laboratory has been respon¬ 
sible for the development of a variety of new methods of purifi¬ 
cation of enzymes which, whilst they have failed in their quest 
of “ a pure enzyme,” have enabled a degree of separation and 
characterisation of enzymes without which many fundamental 
observations on their behaviour could not have been made. 
The principle whose exploitation has led to the greatest success 
is that of the fractional adsorption of the enzymic activity and 
its fi'actional elution from a variety of adsorbent materials, e.g, 
alumina, kaolin, tristearin, lead phosphate, etc. The advantage 
of this method lies in the hi^h degree of specificity evidenced in 
adsorptive processes and in the small amounts of affinity 
involved in the combination with consequent small risk of 
irreversibly inactivating the enzyme. Incidentally it has been 
shown that the adsorption reactions of a particular enzyme 
vary with the degree of purity of the preparation. They are 
therefore the properties of the contaminating material rather 
than of the actual cataMic structure. This conclusion must 

g uestion the validity of the argument of Michaelis and of 
brensen, who have sought to draw deductions as to the ionic 
state of the eniyme ly observations of the electric charge 
eaiT^ by the sunacoi which adsorb the enzyme. Willstatter 
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believes that the majority of the properties which are said to 
characterise an enzyme— e.g. optimum hydrogen-ion concentra¬ 
tion and optimum temperature for activity, behaviour towards 
electrolytes, colloidal character, etc.—are really to be attributed 
to colloidal material of a non-catalytic nature which is neces¬ 
sarily associated with the true catalyst. 

Amongst the notable successes following the employment of 
the adsorption technique has been the complete separation of 
the various enzymes in a pancreatic preparation (Waldschmidt- 
Leitz and Harteneck, Z. Physiol. Chem., 1925* 203). The 

lipase and the erepsin are adsorbed by a special form of alumina 
known as a alumina and the lipase is then removed by washing 
with weak alkaline phosphate solution. The erepsin comes 
out with acid phosphate. After removal of these enzymes the 
extract is next treated with kaolin or p alumina. The trypsin 
is thus adsorbed and the amylase is left behind. Suitable 
refractionations complete the separations. Waldschmidt-Leitz 
(Z. Physiol. Chem., 1927, 186, 241) reports that it is possible to 
separate completely trypsin from enterokinase by means of a 
form of alumina described as AlOgH even after the trypsinogen 
has been activated by the kinase. An example of the efficiency 
of the adsorptive technique is given in the records of a purifica¬ 
tion of yeast invertase. The whole of the enzyme in 14 kilo, of 
fresh yeast was at one stage adsorbed by i gm. of alumina. 
The adsorbate weighed 2*5 gm. 

It has been said that, in spite of the refinements which 
have been developed in methods of purification, no pure enzymes 
have yet been prepared. On the contrary, the more promising 
cases in the literature have lost their promise in the more 
searching light of recent work. The view which was at one 
time thought to be most plausible that enzymes partook of 
the nature of proteins has now been shown to be definitely 
untrue in the cases of lipase, invertase, and peroxidase, which 
have been prepared in a high state of activity although 
entirely free from all recognisable traces of protein. The work 
of Willstatter and Stoll on the purification of peroxidase had 
progressed so far a few years ago that the most active prepara¬ 
tions could be described as consisting chiefly of a nitrogenous 
glucoside and containing 0*5 per cent, of iron. Further purifi¬ 
cation has now led to a further fivefold increase in the activity 
of the preparation accompanied by almost complete elimination 
of carbohydrate and a diminution of the iron content to 001 
per cent. Another disappointment is represented by invertase. 
Euler had reported veiy good p;rounds for the belief that 
phosphorus was an essential and important constituent of this 
enzyme. Willstatter now states that with the aid of a series of 
fractional adsorptions invertase preparations have been secured 
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far exceeding those of Euler in activity yet in which the concen¬ 
tration of phosphorus was below 0'06 per cent. In view of this 
destructive evidence to what conclusion can we come as to 
the chemical nature of enzymes ? The conclusion to which 
Willstatter {Ber., 1926, 59 B.i) has been led is that an enzyme 
is a composite system comprising a specific catalytic molecule 
or group associated with a non-specific catal3rtically inactive 
colloidal carrier. The latter may, in part, be separated from 
the catalyst though the enzyme then becomes highly unstable. 
The nature of the colloid probably influences the activity and 
specificity of the catalyst. In this view Willstatter will find 
most enzyme chemists inclined to agree. In its obvious 
analogy with surface catalysts in common laboratory and 
industrial employment it emphasises the heterogeneous charac¬ 
ter of enz3rme action. Enzyme action is a surface phenomenon 
and the behaviour of enzymes is conditioned by the peculiarities 
pertaining at interfaces. Development of the problem along 
the lines which have proved so successful in elucidating the 
activity of artificial surface catalysts promises to be the best 
method of learning more of the nature of the behaviour of 
nature's catalysts. 

One of the most intriguing problems in enzyme chemistry 
has been the high order of specificity exhibited by enzymes, 
extending even to complete discrimination between optically 
isomeric structures. This has always been difficult to under¬ 
stand on the theory of intermediate compound formation 
between enzyme and substrate or on the theory of adsorption 
compound formation as long as the latter were regarded as 
determined by physical forces. Now that we comprehend 
surface forces as chemical—^in terms of the valencies of the 
surface ^oups—^we can have a proper appreciation of the 
possibilities of surface orientation and, therefore, of specific 
adsorptive processes expressed in differences in chemical 
Structure. Kuhn (Z. Physiol. Chem., 1925,150, 220 ; 1927,188, 
I Ber, 1926, 59B, 1655) has brought to light a number of ex¬ 
tremely interesting examples of this possibility in enzyme 
chemistry. The invertase derived from Aspergillus is in- 
Mbited-i like most enzymes, by the products of its activity. 
But it is only one of the products of hydrolysis of sucrose which 
is inhibitory, viz. dextrose. Fructose is without effect. In 
the case of yeast invertase, on the other hand, fiructose inhibits 
the ^izyme but dextrose does not. This is clearly not a simple 
case of displacement of the reacting molecule from the catalytic 
surface by the products of the reaction. It is rather a case of 
specific poisoning, *.«. the occupation of the active spots on the 
catalytic^ surface by the poisoning molecules. The simplest 
explanation seems to be to assume that Aspergillus invertase 
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forms an adsorption compound vdth sucrose by attachment to 
the dextrose portion of the molecule. Yeast invertase will 
therefore be regarded as combining with the fructose end of 
the cane sugar molecule. Striking confirmation of this view 
derives from the effects of these enz5rmes on certain trisac¬ 
charides. Aspergillus invertase is able to hydrolyse melezitose 
but not raffinose, whereas yeast invertase succeeds where the 
other enzyme fails and fails where it succeeds. The structures 
of these two trisaccharides may be written : 

melezitose dextrose-fructose-dextrose, 

raffinose galactose-dextrose-fructose. 

On the assumption that Aspergillus attaches itself to the 
dextrose molecule and yeast invertase to the fructose molecule, 

. we have an immediate explanation in terms of structure of the 
specific activity of these two enzymes in the cases quoted. 
The reason lies in the accessibility of the point of attachment 
of the catalyst and the substrate molecule. In a word, we 
perceive that the onus for the specificity of enzyme action is 
placed as much upon the peculiar structure of the reacting mole¬ 
cule as on the structure of the catalyst molecule. The old lock- 
and-key simile of E. Fischer materialises in terms of chemical 
structures. 

nmnOAL ckSMZSniT. By R. K. Schofibld, M.A.. Pb.D. (Cantab), 
University, Durham. 

The Electronic Theory of Valency. — A. feature of the recent 
developments in the electronic valency has been the use of 
physical methods to distinguish the different iypes of linkage. 
Significant strides have been made by Sugden in the use of 
molecular volumes in elucidating 'molecular Utructure. The 
variation of molecular volume with temperature has alwa3rs 
been a difficulty, and the use of the boiling point as a standard 
state does not lead to satisfactoiy results. Sugden has recently 
proposed two new methods. In the first U.C.S., 1924, IfS, 
1185) the surface tension is used to define tne standard state, 
and a quantity P -»My»/(D - d) (wh^e M is the molecular 
weight, y the surface tension, D tne density of the liquid and 
d that of the saturated vapour) is obtained to which the name 
"parachor" is given. In the second method {J.C.S., 1927, 
p. 1780) the formula V, - M{i - T/T,)*‘*/(D - d), (in which T, 
is the critical temperature) is used to extrapolate the molecular 
volume to the absolute zero. is called the “ zero volume." 
Neither relation has any theoretical basis, yet for all non- 
associated liquids so far examined, the values of both the para- 
chor and tne zero volume are very nearly independent of 
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temperature. In the case of the zero volume this is also true 
of at least some associated liquids at sufficiently low tempera¬ 
tures. Both the parachor and the zero volume are found to 
be expressible to a remarkable degree of accuracy (usually to 
I or 2 per cent.) as a sum of a series of atomic and structural 
constants, some of which are given belbw : 
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No constants of a single-bond appear in the list, since the 
atomic constants are arrived at from a consideration of com¬ 
pounds which by common consent are believed to be held 
together entirely by single-bonds. For instance, the difference 
between the parachors of successive hydrocarbons gives the 
parachor for — CHf-. The difference between the parachor 
of and n times that of — CH,— gives twice the parachor 

of hydrogen, while that of — CH»— less twice that of hydrogen 
gives the parachor of carbon. The sum of the atomic para¬ 
chors is found to give directly the molecular parachor only 
when all the bonds are single, for every double-bond in which 
one of the atoms involved is carbon 23*3 must be added and for 
every triple-bond approximately double this amount. This is 
true whether the second atom is nitrogen, sulphur, oxygen, or 
another carbon atom. The parachors of the substances, in 
the molecules of which the older structural chemistry would 
indicate a double-bond between an oxygen atom and an atom 
other than carbon {e.g. nitrogen, phosphorus, or sulphur), fall 
sharply into two classes. In one the double-bond has the 
same influence as with carbon, while in the other its influence 
is either imperceptible or causes at most a slight reduction in 
the parachor. Exactly the same phenomenon is exhibited by 
the zero volume. This accords most satisfactorily with G. N. 
Lewis’s theory of electronic octet formation by electron-sharing. 
A carbon atom has four valency electrons, and so can only 
complete its octet by forming four normal covalent bonds, 
thereby obtaining a share in four more electrons. In cases 
where it gives a share in two of its electrons to the same atom, 
it must awo receive from that atom a share in two more. This 
link by four shared electrons is presumably the normal or non¬ 
polar double-bond which gives rise to the increase of 23-3 units 
in the parachor and i S’S units in the zero volume. A nitrogen 
or phosphorus atom only requires a share in three more elec- 
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trons to complete its octet, and can obtain this either by forming 
three single bonds or one single<bond and one (non-polar) 
double-bond. There remain two electrons of the octet un¬ 
shared, and a link with an oxygen atom (which requires two 
electrons to complete its octet) can be effected by sharing this 
“ lone pair ” with it. In forming this last link the nitrogen or 
phosphorus atom takes no share in any electrons originally be¬ 
longing to the oxygen; it requires none, since its octet is already 
complete. This linkage is by too shared electrons, and thus 
resembles the single-bond much more than the double-bond. 
It only differs from a single-bond in the electrical polarity 
caused by both shared electrons having come from one atom. 
The fact that whenever Lewis’s theory indicates that a bond, 
formerly considered to be double, is of this kind, no double¬ 
bond is indicated by either parachor or zero volume, is therefore 
most satisfactory. Sugden uses the term “ semi-polar double¬ 
bond ” to distinguish the new linkage, but since it is due to the 
sharing of two not four electrons the word " double ” is mis¬ 
leading. The term “ co-ordinated covalency " is preferred by 
Sidgwick, who depicts this form of linkage in structural formulae 
by an arrow pointing in the direction in which the two electrons 
have been transferred. Sugden’s values confirm the idea that 
sulphur, after completing its octet by forming two normal 
covalencies, can then enter into a co-ordinated covalency with 
one or two oxygen atoms, while chlorine, after forming one 
normal covalency, can similarly co-ordinate with three oxygen 
atoms. 

In a recent paper Sugden and Wilkins (J.C.S., 1927, p. 2517) 
put forward the view that the structural constants affecting the 
parachor have values proportional (to a first approximation) to 
the de^ee of unsaturation as given by the ratio of the latent 
valencies to the number of octets involved. Sidgwick believes 
that with elements of atomic number higher than 10 the octet 
can in favourable circumstances expand to 10 or 12, as in PC1| 
and Ks[SiF,]. Sugden considers the parachor values so far 
examined to be at variance with this idea, and favours the view 
that the octet is preserved even though this involves linkage 
by one shared electron. 

The distinction between a true double-bond and a co¬ 
ordinated covalency is supported by work in other fields. 
The substances: 
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liave beeli resolved into optically active enantiomorphs by 
H. Phillips and collaborators (J.C.S., 1925,127, 2552 ; 1926, p. 
2079; and 1927, p, 188). Molecular asymmetiy is not indented 
by the older formulae in which the co-ordinated covalency 
would be written as a double-bond. The existence of optical 
activity seems only explicable on the view that the structure 
is as shown above with only one electron-pair linking the 
sulphur to the oxygen or nitrogen, and that the sulphur has a 
“ lone pair ’* whose orbits form with the three attached groups 
a permanent tetrahedral arrangement. 

Sidgwick {Electronic Theory of Valency, pp. 123-4) shows 
that evidence for the existence of co-ordinated covalency is 
afforded by the increased dielectric constant and decreased 
volatility of substances in which they occur. Thus : 


C.H.-CK3_^0 

Diethyl sulphite 
Dielectric constant i6 



Ethyl ethanesulphonate 
Dielectric constant 42 


C,H, - 0 - N - O 

Ethyl oitrite 
BoUing-pt. 17 ” C. 


Mitroethane 
BoUing-pt. 114® C. 


The increased dielectric constant is a direct result of the electric 
polarity introduced by the co-ordinated link, while the decreased 
volatility is an outcome of the increased cohesion caused by the 
electrostatic field in the neighbourhood of the bond. 

In his original treatment G. N. Lewis considered that 
covalency in which two electrons lie midway between the linked 
atoms may pass by gradations into electrovalency in which both 
are associated with one of them. This idea was based on the 
earlier static view of the atom, and Sidgwick {loc. cit., p. 83) 
r^ards it as incompatible with the dynamical view now 
universally accepted. He writes: "... if we completely 
accept the implications of the Bohr atom, in which the electrons 
are moving in quantised orbits, it would seem to follow that a 
linkage must be either of one form or the other, and that the 
teansition must involve a quantum change ; although in some 
cases this change may very well be brought about by a change 
of conditions, as for example of solvent, and there may even 
be substances which consist, in the liquid or gaseous state, of 
a nuxture of molecules of the two forms in equilibrium." 

A number of methods have recently been introduced to 
distinguish substances which are ionised from those which are 
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bound together entirely by covalent bonds. Thus'Sidgwick 
{he. cit., p. 88) cites the following boiling points : 


SiF* 

SiCl4 

SiBr4 

Sil* 

0 

0 

ON 

1 

57° 

153° 

290° 

NaF 

NaCl 

NaBr 

Nal 

1695“ 

1441° 

1393° 

1300'’ 

AIF, 

AlCl, 

AlBr, 

All. 

800® 

183° 

260** 

350“ 

The lower values for 

the halides of silicon indicate covalency. 


the increase from left to right being due to increase in molecular 
weight. The very high boiling-point of the sodium halides is 
evidence that the liquid is a mixture of sodium and halide ions. 
In this case the decrease in passing from left to right is attri¬ 
buted to the decrease in electrostatic potential of the anion, 
due to increase in size, the effect of which in decreasing the 
cohesion more than counterbalances that of the increase in 
molecular weight. The case of aluminium is interesting. The 
fluoride is evidently ionised, but the others are covalent. 

Blitz {Z. anorg. Chem., 1924, 188, 312 ; and 1926, 152, 267) 
has collected data regarding the electrical conductivities of a 
large number of fused chlorides. Of sixty compounds, thirty- 
one have conductivities between 10 and o*i ohm”* cm. at 
their melting-points, while the values for twenty-six are less 
than 2 - io“*. Only three, BeCl», ZnCl*, and Hg,Cl,, lie in between. 
This sharp division is in good accord with Sidgwick’s contention 
quoted above. 

The elucidation of crystal structure by X-ray analysis is 
likely to give valuable information about molecular structure, 
but the interpretation of the data from this standpoint is only 
beginning. Grimm and Sommerfeld (Z. /. Physik., 1926, 80, 
36) have classified the crystal structure of compounds of the 
type AB, in which one atom of A and one of B have eight 
valency electrons between them. Four types are found which 
are typified in sodium chloride, caesium chloride, diamond and 
wurtzite (ZnS). In the first, six, and in the second, eight ions of 
one sign are s3mmetrically distributed round one of the opposite 
sign. In these cases they consider that the valency electrons 
form an octet round the anion, and that the ions are held to¬ 
gether solely by the electrostatic forces between them. In the 
other two types each atom of A has four atoms of B arranged 
round it at the points of a tetrahedron, and vice versa. In 
these cases they consider that the valency electrons are all 
shared, so that these ciystals are in reality '* giant molecules.** 

Thus physical methods are a»in proving to be of great 
value in the new attack which is being made upon the funda¬ 
mental problem of chemistry. It is alio true to say that these 
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new ideas of the mechanism of chemical combination are 
throwii^^ new light on a number of physico-chemical problems 
Their application is proving particularly successful in dealing 
with the problems of strong and weak electrolytes and of mole¬ 
cular association. There is not space here to give an account 
of these recent developments, but the reader can confidently 
be referred to Dr. Sidgwick’s book already cited, which was 
published last year by the Clarendon Press, and in which an 
admirable account of these new phases of the subject is to 
be found. 

ras XZ8T6&T or OSZMISTBT. By E. J. Holmyard, M.A., M.Sc., 

F.I.C., Clifton College. 

General. —A History of Science Society was organised in Boston, 
Mass., on January 12, 1924, and incorporated under the laws 
of the District of Columbia on January 30, 1925, with a total 
of 505 Foundation Members. The Assistant Secretary, to 
whom applications for membership should be addressed, is 
Dr. F. E. Brasch, Smithsonian Division, Library of Congress, 
Washington, D.C., U.S.A. The annual subscription is one 
guinea. Members receive free of charge the official organ of 
the Society, Isis, which is an international review devoted to 
the history of science and civilisation. It contains articles, 
reviews, etc., and gives also a very useful bibliography from 
time to time. 

Besides Isis, the following journals are wholly or partly 
devoted to the history of science : Archeion {Archivio di Storia 
della Sciensa), edited by Prof. Aldo Mieli and published by the 
Casa Editrice Leonardo da Vinci, Via Casalmonferrato 29, 
Roma (40); Mitteilungen zur Geschichte der Medizin und der 
Naturwissenschaften, edited by Profs. Haberling, Wieleitner, 
and 2^unick for the Deutschen Gesellschaft fur Geschichte der 
Medizin und der Naturwissenschaften (Leipzig, Leopold Voss); 
Archiv fur Geschichte der Mathematik, der Naturwissenschaften 
und der Technik (Leipzig, F. C. W. Vogel); Beitrdge zur Ges- 
ekichie der Technik und Industrie (Berlin, VDI-Verlag); Revue 
de Sy^Mse Historique (Paris, La Renaissance du Uvre); 
Ceschicktsbl&tter fur Technik, Industrie und Gewerbe, edited by 
Graf Karl von Klinckowstroem and Franz M. Feldhaus (Berlin, 
Tempelhof). 

Obituary. —Johann Ludwig Heiberg, the historian of mathe¬ 
matics and physics, died at Copenhagen on January 4, 1928, at 
the age of seventy-four. His chief work was the publication of 
Greek mathematical texts, but his little book Mathematics and 
Physical Science in Classical Antiquity (Oxford University Press, 
1933) made hU name familiar to a wide circle of readers. 

EUbard Wiedonaim was bom on August 1, 1852, at Berlin, 
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and died on January 7, 1928, at Erlangoi. For tho last thirty 
years he had been almost constantly engaged upon the history 
of science and technology in medieval Islam, and had published 
numerous papers on this subject. He was the son of Gustav 
Wiedemann, the physicist, and the grandson of Mitscherlich. 
Since 1886 he had been director of the Physical Institute of the 
University of Erlangen. 

Antiquity. —Sir Flinders Petrie has published an interesting 
and important monograph on Ancient Weights and Measures 
illustrated by the Egyptian Collection in University College, 
London, After observing that the whole subject of ancient 
metrology " has been badly confused by the speculative metr<> 
legists, who have wasted much paper by theorising,” Sir 
Flinders points out that some writers have been led astray by 
placing too much reliance upon the small minority of marked 
weights, as giving a greater certainty of meaning. Unfor¬ 
tunately, this reliance is misplaced, as marks often show what 
a weight was not, instead of what it was ; they are, indeed, 
frequently secondary, being added to a weight of one standard 
in order to show what was its equivalent on another standard. 
The material investigated shows that we must recognise eight 
standards as having been in use in Egypt, viz, the peyem, the 
daric, the stater, the qedet, the necef, the khoirim, the beqa, and 
the sela. As to instruments, the steelyard was unknown in 
Egypt until Roman times, but an apparently prehistoric 
balance-beam of red limestone is described. It is 3*35 inches 
long, 0'i6 to 0'2o wide, and o-if to 0*20 deep. The middle 
hole for suspension has a short tube rising from it, and the 
balance is consequently very rigid, so that equality can be 
seen only by the exact level; but it is possible to observe a 
change in level of i in 500. 

A companion volume on Arabic Glass Stamps and Weights 
affords evidence of the remarkable accuracy obtained by 
medieval Muslim craftsmen in the standardisation of weights. 
Thus, three half-dinar weights of the year 780 show the astonish¬ 
ing result of agreeing to within a third of a milligram, being 
respectively 32*662, 32*665, and 32*667 grains. How such 
accuracy was reached is not known. 

A Catalogue des Manuserits^ Alckintiques Grecs is in course 
of publication (Brussels, Maurice Lamertin). Three volumes 
have appeared so far : I. Les Parisini, perils par Henri Lebigue, 
en appendice les manuscriis des Cceranides et tables gindredes par 
Marie Dekourt: II. Les Manuscrits Italiens, ddcrits par C. 0 , 
Zuretti avee la collaboration de O. ILagercrante, J. L. Heiberg, /. 
Harmner-Jensen, D. Bassi et JE. Martini: HI. Les Manuscriis 
des lies Briiannifues, ddcrits par Dorothea Wedey Singer aeec ta 
ctMaboration de Annie Anderson et William /. Aiwerson, en 
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«ppmdic0 Les Recettes Alchimiques du Codex Holkhamicus 
tdnUes par OUo Lagercranps^ 

Dr. R. Campbell Thompson has published an important 
work upon Ancient Assyrian Chemistry (Luzac and Co., 46 
Great Russell St., W.C.). It gives the texts, with traiislitera- 
tions and translations, of several clay tablets from the royal 
library of Ashurbanipal, King of Assyria in the seventh century 
B.c. These texts describe in detail the processes of glass¬ 
making as practised in Ass3Tia 2,600 years ago, and are of great 
interest to the chemist. The book is written in such a way that 
it is not necessary to be a cuneiform scholar to appreciate it ; 
it is undoubtedly one of the chief contributions to the history 
of chemistry made during the present century. Die Metall~ 
kunst der alien Agypter, by George Moller (Berlin, Ernst Was- 
muth, A.-G., 1925), gives an account of the methods and results 
of metal-working in ancient Egypt. It forms a useful supple¬ 
ment to Lepsius, Les mdtaux dans les inscriptions dgyptiennes 
rParis, 1877), and to Sir W. M. F. Petrie, “ The Metals in Egypt ” 
{Ancient Egypt, 1915, p. 12). An interesting but rather fanciful 
theory of the origin of alchemy is given by Frau Ingeborg 
Hammer-Jensen in Die Alteste Alchymie (Copenhagen, Det. 
KgL Danske Vindenskabernes Selskab, Hisloriskfilologiske Med- 
dMlser, iv, 2, 1921). Another theory of the birth of chemistry 
is advanced by M. St^phanidfes, " La naissance de la chimie,” in 
Scientia (Bologna, 1922, pp. 189-97). He places the origin 
of chemistry at the time of the Ethiopian invasion of Egypt, 
718 B.c. 

Islam. —Prof. J. Ruska has published the first two volumes 
of his series of Arabische Alchemisten. Volume I (Heidelberg, 
Carl Winter, 1924) deals with KhSlid ibn Yazid (died a.d. 704), 
the reputed founder of alchemy in IslSm. Volume II (Heidel- 
bei^, Carl Winter, 1924) is on Ja'far al-SSdiq, said to be the 
teacher of Geber (jSbir ibn HayySn). It contains the text and 
a.translation of a work ascribed to Ja'far. Both volumes are 
. w^ worth reading, and may in general be taken as authoritative, 
although some of Ruska’s views on Ja'far and jabir are probably 
incorrect. By the same author is a paper on Rhazes, the 
celebrated Persian physician and chemist who died in 925 ; 
it is called (Jber dm geemuArtigm Stand der RSei-Forschung 
{Arckimo di Storia della Sciema, v. (1924), 335-47). It givw a 
sketch of the life of Rhazes, and is cased largely upon original 
research. R. Reitzenstein, in his Alchemisticne Lehrschriftm 
und Mirchm bd dm Arabem (Ttoelmann, Giessen, 1923), 
f;ives» inter oHa, the story of the Forty Viziers, which is of 
interest for the history of ancient alchemy. On the Emerald 
Table, Ruska has published a detailed study of practically 
the whole of the relevant literature under the title Tabula 
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Smaragdina ; ein Beitrag zur Gesckichte der Hermtlisckm LiU- 
raiur (Heidelberg, 1926, Carl Winter’s UniversitStsbuchhand- 
lung). Attention may also be drawn to the article by Ro^rt 
Steele and Dorothea Waley Singer read to the Royal Society 
of Medicine on November 2, 1927, and to Martin Plessner’s 
article ” Neue Materialien zur Geschichte der Tabula Smarag¬ 
dina ” {IsUm, Bd. xvi, Heft 1/2, pp. 77-113). It has become 
clear that the Emerald Table is of very ancient origin. The 
earliest text of it occurs in an authentic work of jSbir ibn 
Hayy§n (ca. a.d. 722-813), and in its original form it may 
go back as far as Apollonius of Tyana. 

A good deal of work has been carried out upoh Geber (jSbir), 
e.g. Darmstaedter, Die Alchemie des Geber (Berlin, Julius 
Springer, 1922), and Liber Misericordice Geber {Archiv fiir 
Geschichte der Medizin, Bd. xvii, Heft 4, 1925, pp. 181-97). 
Darmstaedter’s work, which is of the highest excellence, attacks 
the problem from the Latin side. From the Arabic side, pro¬ 
gress has been made by Ruska, who is editing the Arabic text 
of the celebrated Liber LXX, of which two manuscripts were 
discovered in Cairo in 1926 by Prof. Max Meyerhof. 

The authenticity of the tractate, well known to medieval 
Latin alchemists as Avicennce Mineralia, has been established 
by the discovery of the original Arabic text ; this has been 
published with a translation by D. C. Mandeville and the 
present writer (Geuthner, Paris, 1927). 

A lengthy and illuminating article on “ Chemistry in IrSq 
and Persia in the Tenth Century a.d.” was published in 1927 
by H. E. Stapleton, the late R. F. Azo, and N. Hidayat Husain 
{Memoirs of the Royal Asiatic Society of Bengal, vol. viii. No. 6, 
pp. 317-418). Incidentally, these authors stress the similarity 
between Arabic alchemy and early Chinese alchemy. 

Other papers on the history of chemistry in Isl&m are (o) 
Ruska, ” Sal ammoniacus, nusadir und Salmiak,” in the 
Siteungsberichte d. Ah, IVissensch., phil.-hist. Klasse, Heidel¬ 
berg, 1923, Abh. 5, p. 23 ; (b) E. Wiedemann, ” Zur Geschichte 
der Alchemie,” in the Sitzungsber. der physik-. medie. Sozieldt, 
Erlangen, B 2 , 126-8 (1922). 

Middle Ages. —^A book with remarkable illustrations, from 
ancient MSS., is Giovanni Carbonelli’s Sulle fonti storiche della 
ckimica e dalV alchimia in Italia, Rome, Istituto Nazionale 
Medico Farmacologico, 1925. For figures of medieval chemical 
apparatus this book is invaluable. On the relation between 
magic and science, Lynn Thorndike’s History of Magic and 
Experimental Science in the First Thirteen Centuries of our Era 
(London, Macmillan, 1923), is an excellent study, with full 
bibliography. For the origin and relations of the names of the 
metals a useful paper is that of £. Crivelli, ” Le Vicende dei 
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nomi dei Metalli " (Archivio di Storia della Sciema, vol. ii, 1921, 
jip. i-4S), where the subject is treated in a masterly fashion. 
On the discovery of ether see Guy K. Tallmadge, Isis, vol. vii, 
1925, pp. 394-411, where the text (with an English translation) 
is given of the third part of Valerius Cordus’ de Extractione. In 
the same number of the same journal, pp. 478-85, Prof. C. H. 
Haskins deals with Arabic Science in Western Europe. 

An interesting, and beautifully illustrated, historical sketch 
of “ The Beginnings of Pharmacy " occurs on pp. 797-816 of 
vol. 106 {1927) of The Chemist and Druggist. Although this 
paper is not supplied to the general public, the number in 
question can usually be obtained through the good offices of 
the local pharmacist. 

Dorothea Waley Singer, in her article, “ The Alchemical 
Testament attributed to Raymond Lull ” {Archivio di Storia 
della Scienza, vol. ix, pp. 43-52, 1928), definitely proves that 
the alchemical works credited to Lull are spurious. 

Later Times. —On the history of chemistry in France 
H^l^ne Metzger has written Les Doctrines Chimiques en France 
du ddbut du iq* d la fin du 18' Sihle (Paris, Les Presses Univer- 
sitaires de France, 1923). For the origin of the word " gas ” 
see William A. Kirby, Chemistry and Industry, 42 , 1923, p. 325, 
and L. N. Brown, op. cit., p. 349. The discovery of red phos¬ 
phorus is dealt with by R. Winderlich in Chemiker Zcitung, vol. 
47 » 297 (1923). On chemical symbols and formul® see Sir 
James Walker, Nature, iii, 1923, pp. 883-6. An interesting 
biographical note on Lemery, by Lucien Leroux, is in Isis, 
1925, vol. vii, p. 450. 

Dr. Edgar F. Smith’s Old Chemistries (London, 1927) deals 
mainly with those early textbooks which exerted an influence 
on the development of chemistry in America. It is very attrac¬ 
tively produced and may be commended to the chemical 
bibliophile. 

Prof. Tenney L. Davis has an article on " Boerhaave’s 
Attitude towards Alchemy," in Medical Life, vol. 33, 261 (June 
1926), and another on " The First Edition of the Sceptical 
Chymist " in Isis (vol. viii (1926), pp. 71-6. In the latter he 
shows that the first edition of the celebrated chemical classic 
was published in London in 1661, and has two title-pages, the 
second occurring between pages 34 and 35. Contrary to the 
' statement made by Jaeger and Stillman, the author’s name is 
given, and the book therefore did not appear anonymously. 

In the Classics of SderUific Method Prof. J. R. Partington 
has just published (London 1928) a volume on The Composition 
ofi Water. The author has given us the benefit of his unrivalled 
l^wledge of the literature, and even the most experienced 
historiaii of chembtry will find something new in the book. 
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OBOLOOT. By G. W. Tyrrbix, A.R.C.Sc., Ph.D.. University, Glasgow. 

The Earth's Crust .—^The principles of isostasy are discussed bv 
Dr. W. Bowie in a new book (/sos/asy. New York : Dutton & 
Co., 1927, 275 pp.). After expounding the general theory of 
isostasy, the author discusses the connection between gravity 
anomalies and local geological conditions. The study of the 
larger questions of the support and structure of the earth’s 
crust is based on two main assumptions: (i) that nearly 
perfect equilibrium is maintained at all times ; (2) that im¬ 
portant disturbances of isostasy arise only from shifts of 
surface load through erosion. Many of Bowie's conclusions 
are not in accord with the facts of geology. Thus he explains 
folding and thrusting as incidental effects of vertical movement, 
with which very few students of tectonics will agree. Good 
criticisms of the book from the geological side by C. R. Longf- 
well and R. T. C. are to be found in the Amer. Joum. Set. (xv, 
1927, p. 177), and Jonrn. Geol. (xxxvi, 1928, pp. 181-4) respec¬ 
tively. 

Dr. G. R. Putman has published a paper entitled “ Notes 
and Reflections on Isostasy " (Science, March ii, 1927, Ixv, pp. 
245-8), which is an abstract of a work published in Journ. Wash. 
Acad. Set., June 4, 1926. In effect this is a restatement in 
view of recent work of a method of reduction of gravity observa¬ 
tions developed by Dr. Putnam in 1895. 

In a discussion of the outer shells of the earth (Amer. Joum. 
Sci., XV, 1928, pp. 108-35) Prof. R. A. Daly concludes that 
since the emergence-velocities of earthquake waves have been 
shown to be higher than expected at and near the surface of the 
Grundgebirge, some degree of departure from perfect elasticity 
of subcrustal material is indicated. The main question of the 
paper is the validity of the hypothesis that the material below 
the “ 50 to 60 km. discontinuity " is basaltic. According tc 
Daly the seismological facts do not forbid belief in a highly 
rigid, but hot and uncrystallised, basaltic substratum for the 
earth’s crust. This view is believed to make the meaning of 
the term, the " crust of the earth,” sharper and more concrete 
than under any other h5q>othesis. 

In his paper on ” Some Problems of Physical Geology, and 
the Earth’s Thermal History,” Prof. A. Holmes discusses such 
topics as the thickness of the continents, the growth of geosyn- 
dines, volcanic phenomena, mountain-building, and the cooling 
of the earth, in relation to the radioactive theory of the earth's 
thermal history (Geol. Mag., Ixiv, 1927, pp. 263-78). He con¬ 
cludes that the cooling of the earth is a discontinuous proc^. 
The accumulation of radioactive heat leads to the gendration 
of magmas which ascend to higher levels in the crust, or are 
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discharged at the surface and thus rapidly lose their heat. He 
rejects Dr. H. Jeffrey’s conclusion that an alternating process 
of this type cannot be deduced from the premises involved, 
and that a state of thermal equilibrium is ultimately established. 

Prof. Holmes’s letter on " Oceanic Deeps and the Thickness 
of the Continents ” {Nature, December 3, 1927, pp. 804-5) 
deals with a related topic. Recent seismoiogical evidence 
points to the floor of the Pacific being composed of gabbro. 
If so, an explanation can be offered of the occurrence of oceanic 
deeps bordering the mountainous edges of continents. The 
compressive forces which, acting on the sial of the continents, 
form mountains, would simply transform the suboceanic gabbro 
into its high-pressure facies eclogite ; and in accordance with 
the principle of isostasy, such a change would lead to marked 
subsidence. The thickness of the sial may then be estimated, 
by a simple calculation, at about 30 kms. ; and since radio¬ 
activity appears to set a limit of 15 to 20 kms. for this thickness 
on the assumption of uniform distribution of radioactive matter, 
it becomes necessary to assume that the radioactivity of the 
sial falls off rapidly in depth. Dr. Holmes offers an explanation 
of this falling-off based on the practical invariability of the 
atomic weight of ore-lead, showing that the dioritic base of the 
sial must be extremely poor in the radioactive elements. 

Structural, Tectonic, and Igneous Geology .—^The phenomena 
of jointing in relation to the mechanical principles of stress and 
strain are dealt with by C. O. Swanson {Journ. GeoL, xxxv, 
1927, pp. 193-223) ; and Dr. B. Sander has published an ex¬ 
cellent review of tectonic strength-relations of rocks {Neues 
Jahrb. f. Min., B.-B. Hi, Abth. B. Heft 3, 1925, pp. 365-401). 

According to S. Taber {Joum. Geol., xxxv, 1927, pp. 577- 
606) fault troughs may be classed as superficial or profound. 
Superficial fault troughs result from earthquakes, volcanic 
activity, or tension. Tensional fault troughs may be further 
classified as due to differential uplift, rotational strain, or the 
tilting of large fault blocks. The faults associated with major 
fault troughs extend to profound depths and reach the zone of 
flowage. Several factors have probably contributed to their 
for^tion. Tension, resulting in normal faulting and upward 
tilting of the bordering masses, is perhaps the most important. 
Other causes may be extrusion of lavas and increase of sub- 
oiistal density through the expulsion of gases and the crystalli¬ 
sation of magmas. 

In an interesting paper on " Recent Lines of Fracture in 
th» FSroes in Relation to the Theories of Fiord Formation,” Dr, 
M. A. Peacock (Tmns. Geol. Soc. Glasgow, xviii, pt. i, 1928, pp. 

rejnesents the Faroe plateau as a tabular block of basaltic 
kmts which has suffered a right-handed twist from north to 
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south, and which is broken by a “ fiord system ” consisting of 
rectilinear, steep-sided straits and fiords whose principal 
direction is N.W. to S.E. The islands are further intersected 
by a younger system of major joints which develop into deep, 
straight-sided clefts known as goes, and these in turn become 
valleys which, in many instances, control the drainage. Goes 
tend to occur in collinear series which often cross adjacent 
islands, and the straits which separate them. The goe system 
comprises a network of rectilinear fractures, the majority of 
which lie east and west, and the remainder at various angles 
to this direction. The fiord system is regarded as an adolescent 
of mature goe system, related to an episode of crustal movement 
which took place after the volcanic period, but before the Ice 
Age. The principal result of this study is to confirm in the 
Faroes the tectonic theory of the origin of fiords. 

The “ Sea Lochs of the Outer Hebrides ” described by 
Prof. J. W. Gregory (Traws. Geol. Soc. Glasgow, xviii, pt. i, 1928, 
pp. 27-39) fit in well with those of the Inner Hebrides and the 
western Scottish mainland. “ They are arranged on four direc¬ 
tions which are correlated with the Alpine movements of the 
Oligocene and Miocene, and with the main tectonic lines in 
the North Atlantic. . . . East and west valleys and tectonic 
lines are the oldest connected with the fiord valleys, and they 
are part of the geographical features in N.W. Europe due to the 
Alpine foldings. Subsidences in the N.E. Atlantic led to the 
volcanic eruptions of the Hebrides, and made fractures trending 
N.W. to S.E., which were injected by basalt. Subsequent 
subsidence to the north subjected northern Scotland to tor¬ 
sional stress along a N. to S. axis. This torsion fractured the 
foundation on intersecting diagonal lines trending north¬ 
easterly and north-westerly.' ’ These movements were probably 
all earlier than the Middle Pliocene, when a general uplift of 
the British region caused the gaping of the four lines of fractures. 
The clefts thus formed across the Outer Hebrides were widened 
by denudation into the valleys occupied by the main sea-lochs. 

A similar theme, but on a larger scale, is treated in Prof. 
Gregory's paper on " The Fiords of the Hebrides ” {Geo^. 
Joum., Ixix, 1927, pp. 193-216). He points out that the 
orientation of the fiords is remarkably regular, and is to a great 
extent independent of the geological structure. The main 
point of interest in the present connection is the discussion of 
the relation of the fiord clefts to Alpine foldings, Atlantic sub¬ 
sidences, and the correlated igneous activity. Prof. Gregory 
points out the general parallelism of the fiords to the tectonic 
lines of the North Atlantic. He further shows how, in the 
neighbourhood of the local centres of volcanic upheaval in 
Skye and Mull, the fiord directions have been modified in 
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accordance with radial and concentric systems of fracture. 
The paper closes with an extremely useful tabular summary of 
Kainozoic events in the'West of Scotland, in which the great 
volcanic eruptions of the North Atlantic from Greenland to 
Antrim are placed in the Upper Miocene. 

Prof. F. E. Suess has discussed the igneous and tectonic 
geology of the Variscian Mountains of Late Palaeozoic age in 
Antral Europe (“ Intrusionstektonik und Wandertektonik im 
variszischen Grundgebirge.” Berlin, Gebr. Borntrager, 1926, 
pp. 268). In the zone of " intrusion tectonics ” the rocfe have 
been deformed and metamorphosed by great granite masses. 
Gneiss blocks in metamorphic disharmony with their sur¬ 
roundings are interpreted as thrust masses resting on less meta¬ 
morphosed rocks. The “ Wandertektonik ” ideas of the older 
Suess are here utilised in combination with modern views of 
igneous intrusion and metamorphism. Reviews of this im¬ 
portant work are to be found in Amer. Joum. Set., 18 , 1927, 
pp. 365-6 ; and/(mm. GeoJ., xxxv, 1927, pp. 575-6. 

The great memoir by Hall and Molengraaff on the Vredefort 
Mountain Land (Science Progress, xxi, 1926, p. 221) has led 
Mr. E. B. Bailey (Geo/. Mag., Ixiii, 1926, pp. 481-95) to make an 
instructive comparison between the Vredefort Dome and the 
much smaller but very similar structure afforded by the North¬ 
ern Granite of Arran. As pointed out by the late W. Gunn, 
and further emphasised and illustrated by Mr. Bailey, the 
strata around the Arran Granite up to the New Red Sandstone 
have been steeply uptilted, and in at least one locality over¬ 
turned. On all sides save the north-east, where there Vr-as a 
structural weakness due to a fault mosaic, the strike of the 
schists surrounding the granite boss is dragged into approxi¬ 
mate parallelism with the margin of the intrusion. Where, as 
to the N.W., the schists dipped towards the granite, fine syn¬ 
clinal structures have been developed by the uplift. In his 
discussion of the Vredefort Dome Mr. Bailey points out that 
the assumjption of centripetal pressure as the major cause of 
the updoming is unnecessary, as central upheaval, accompanied 
by its correlated centrifugal pressure, is perfectly competent to 
produce the observed effects. 

Mr. J. E. Richey has made a brilliant addition to knowledge 
of igneous tectonics in his study of the Mourne Granites of 
Northwn Ireland (Quart. Joum. Geol. Soc., Ixxxiii, pt. 5, 19*8, 
pp. 653-88). In the Eastern Mournes the three main intrusions 
are arrang^ concentrically with a marked excentricity tow^ds 
the S.W._ In each case a dome-shaped roof turm abruptly into 
a bounding wall which is either vertical or dips outwards at 
70 *, The Western Granite everywhere around its periphery 
eKtehda bdow a domed roof, and no limiting wall is seen. “ It 
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seems probable that the Eastern Moiinie granites have onae 
into place ... by the subsidence of a block of country rock 
bounded by a rii^-fracture, and separated from the roof by a 
cross-fracture, and by the influx of magma from below into 
the ever-widening fissure and into the space left below the 
roof.” Continued subsidence of the block initiated new xin^- 
fractures each more centrally placed than the earlier, and it is 
easy to understand therefore why the central intrusion should 
be the ydungest of the series. 

A small ring-dyke structure, consisting of dolerite, olivine- 
dolerite, and p^^atites (crinanitic), with a central mass of 
allivalite, has been described by J. Holmes from Loch Fyne, 
Argyllshire (” The Dolerite Boss of Sithean t-Sluain, Loch Fyne,” 
Trans. Ceol. Soc. Glassy, xvii, pt. 3, 1927, pp. 426-37). It 
is intruded into the Dalradian schists, and has exercised a 
very considerable metamorphic effect upon them, as the boss 
is surrounded by an interiial zone of buchite with corundum 
and spinel, and an external zone of hornfels. The petrographi- 
cal characters of the intrusion suggest that its age is Kainozoic. 

Prof. F. F. Grout has performed a useful service in briefly 
outlining the fundamental problems that await solution in 
regard to batholiths, and methods for their attack (Joum. G0OI, 
XXXV, 1927, pp, 311-18). Prof. R. T. Chamberlin and T. A. 
Link have applied experimental methods to the study of 
batholithic intrusion {ibid., pp. 319-52). Liquids forced from 
below through artificial strata did not progress straight upward, 
but followed inclined pathways. 'If conditions permitted they 
spread out laterally. From this work a theory of lateral^o 
spreading batholiths has been formulated, following Iddings 
and Cloos rather than Daly. 

A study of kimberlite dykes at .Cayuga Lake (New York) 
by P. G. Sheldon {Joum. Geol., xxxv, 1927, pp. 353-67) indicates 
a close relation between the intrusion of the dykes and stress 
at fault planes. In one case the pattern formed by a p;roim ol 
dykes crossed by a fault suggested that tension resulting warn 
fault stresses tended to open joint fractures, and thus facilitate 
the entrance of dyke stimgers. In another case fault stresses 
caused a constriction in a dyke. Above and below the con* 
striction the magma removed the country-rock for the 
width of the dyke by stoping. Other structural features showed 
that disastrophic forces were active during the intrusion of the 
dykes. 


^ E. J. Sausbuxt. D.Sc., PX.S., Unhrenity Ccdlsfe. Londosu 

ArutUmy. -Of the 170 species of CkmaHs, 138 have htm, 
examinra respecting their stem anatcany by Miss E. P. Stnitli 
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{Tfms. RS. Edin,, vol. zv, No. a6). Of these 67 per coat, 
eoelubit a twelve*bundled stem. The twelve bundles consist of 
foliar traces, namely, a median bundle and two lateral bundles 
from each of the nearest leaves and a corresponding set of six 
bundles, from the pair of leaves, above which are smaller and 
alternate with the larger. In 17 per cent, of the species only 
six bundles are present, whilst in 12 per cent, many bundles are 
present. Examples of the three types are respectively furnished 
Dy Clematis vitalba, C. japonica, and C. Armandi. The cork 
cambium develops in the pericycle except in C. smilacifolia, 
where it is sub-epidermal. Subsequently a phellogen develops 
each year in the phloem and the older layers, splitting in corre- 

K lence with the primary rajrs, produce the “ string-bark ” so 
cteristic of C. vitalba. Adventitious roots from the inter¬ 
fascicular cambium are formed on both nodal and intemodal 
cuttings being accelerated on the latter by etiolation. 

From an examination of the roots of Zieania aquatica, 
Stover {Ohio Jour. Set., xxviii, January 1928) concludes that 
the xylem b centrifugal in development, although ligmhcation 
is centripetal. From the examination of other Monocotyledons, 
and having regard to the observations of janezewski {Ann. Set. 
Nat. Bot., p. 208, 1904), it is suggested that this b true of roots 
in general. 

Cytology. —A number of papers have recently appeared 
reporting the results of determinations of chromosome number 
in different species of the same genus. Mutzing {Hereditas, x, 
p. 241, 1938) finds that in the sub-genus Ladanum of Gnleopsis 
the haploid number is eight, whilst in the sub-genus Tetrahit 
G, tetrahit and G. bifida have sixteen chromosomes, whilst 
G. fiubescens and G. sfieciosa have eight. In the same journal 
Hajeansson (pp. 282-91) records the haploid numbers for a 
number of Cyperacese, which show considerable variation. In 
Eriophonm vaginatum and E. polystachyum the number is 
twenty-nine, in Scirpus sylvaticus thirty-one, in S. maritimus 
fifty^two, in S. setaceus thirteen, in 5 . palusiris nineteen, in 
S. unidumis twenty-three, and 5 . multicaulis ten. Roscoe 
the haploid number in Typha latifolia is fifteen, 
tn T* tmgHstifolia the number b larger, due to univalent chromo- 
aomest em, a high proportion of the pollen is sterile. Tyfiha 
thus eimibits the irr^ular chromosome dbtribu- 
am sterility characteristic of hybrids {Bot. Gae., Ixxxiv, 

^ has examined cytologically a number of Cruci- 

fenati and comuudes that the basal haploid chromosome number 
in Inis family b eb;ht. Sixteen diromosomes occur in AraHs 
AwMb md lAlymm etUydnum, the latter of which, though 
of the “ gigas type, b phenotypicaUy a dwarf 
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species. Heilborn showed that within the one genus Draba 
eight {D. nivalis), sixteen (£>. incana), twenty-four (D. mpestris). 
and thirty-two {D, alpina) haploid chromosomes occur, 
Stenopkragma (Sisymbrium) thalianum possesses only five 
chromosomes, and this aberrant number and its peculiar com¬ 
bination of characters is held to be perhaps due to its origin by 
hybridisation between Sisymbrium and Arabis. Seven chromo¬ 
somes are found in Eropkila verna, Cheiranthus cheiri, Matthiola 
incana, and Coringia orientalis, whilst multiples of this number 
are met with in Hesperis (fourteen) and Camalina (twenty-one) 
(Jahrb. f. mss, Bot., p. i, 1928). 

Tjebbes {Hereditas, x, pp. 328-31) reports twelve chromo¬ 
somes as the haploid number for Geranium pratense and G, 
sylvaticum ; six for Plantago lanceolata and P. major as also for 
Linaria vulgaris and L. repens. 

Darlington {Jour. Genetics, January 1928) concludes that the 
basic chromosome number in the genus Prunus is eight, but finds 
a very wide range of somatic numbers. Varieties of Prunus 
avium showed 17-19, of P. acida and P. cerasus thirty-two, 
whilst P. persica and P. amygdalus have sixteen. Varieties of 
Prunus institia showed 40 and 48. A number of sweet cherries 
examined showed 17, 18, or 19 somatic chromosomes, according 
to the variety, and are self-sterile. The sour and Duke cherries, 
however, have thirty-two somatic chromosomes, and these 
tetraploid types are self-fertile. 

The “ enclaves proteiques ” described by Vaudendries as 
present in the epithelial cells of the Cruciferous embryo-sac 
have been studied by Lachertowa {Acta. Soc. Bot. Pol., vol. v. 
No. i), who finds that they are tanniferous vacuoles similar in 
character to those described by Dangeard as present in Gymno- 
sperms. 

Ecology .—^According to Sukachev the spruce commumtin 
of European Russia occur throughout about half its area and 
before the advent of agriculture occupied a considerable part 
of the area now under Oak and Pine {Jour. Zoology, February 
1928). On well-drained clays and loams on poor but non¬ 
acid soil there is a continuous and abundant moss flora, and a 
sparse shrub layer. Herbs are here few, amongst the most 
characteristic being Goodyera repens, Circcea alpina, Linnea 
borealis, Maianthemum bifolium, and Trienialis europeea more 
rarely with Epipogon aphyllum, Pyrola uniflora, etc. Vmious 
associations of this type are recognised in which Oxalis, 
MyrHllus, Atrogene sibirica. Polytrichum, and Empetmm become 
respectively important. On similar but poorly drained soils 
the Spruce is mixed with Birch and Polytrichum commune foam 
a continuous carpet. Here the herb-layer is poor, but Equisetnm 
sylvaticum characteristic. On flat, ill-drained soils Sphe^ptum 



BOTANY 49 

with or without carex becomes conspicuous. In depressions 
with flowing water a dense herbaceous flora develops with 
Ulmaria palusiris, Angelica sylvestris. Only on rich soils near 
limestone deposits in the south of the spruce area is there a 
dense shrub layer developed with Tilia cordaia, Euonymus 
verrucosus, etc., and deciduous trees such as Oak, Aspen, and 
Birch are present which, as the soil becomes impoverished, 
become replaced by Spruce. 

By raising seedlings of various conifers at different distances 
from an artificial source of light Bates and Roeser conclude that 
Sequoia sempervirens can utilise light of as low an intensity as 
0-75 per cent, that of sunlight. Engleman Spruce and Douglas 
Fir appear to require a minimum of about i-2 to 1-5 per cent., 
Pinus strobus and P. pondcrosa about 2 per cent., Pinus flexilis 
about 2*5 per cent, and Q. edulis 6*3 per cent. Evidence was, 
however, obtained of marked individuality amongst seedlings 
of the same species with respect to their photosynthetic effi¬ 
ciency (Anter. Jour. Bot., March 1928). 

Stapledon {Jour, Ecol., Feb. 1928) from an extensive study 
of Dactylis glomerata finds that the habit may be tall, or cup¬ 
like, either strain exhibiting both lax and dense growth types. 

Tussocked and pasture types are also recognised, and 
breeding experiments indicate that most of these are probably 
genotypically distinct. There are seven types of inflorescence 
with the panicle either erect, semi-erect, or drooping, and the 
lowest branch is either reflexed or diverges at an acute angle. 
Broad-leaved and narrow-leaved strains can be distinguished, 
and the sheath may be glabrous or pubescent. The species is 
self-fertile, and though there is generally a diminution of vigour 
with repeated selfing, yet in some offspring the original vigour 
is maintained. 

The importance of the " litter ” in forests as it affects the 
temperature of the lower stratum of air is shown by the results 
obtained by Firbas {Beth. e. Bot. Centralbl., xliv, p. 179). Owing 
to the low specific heat of the litter and its poor conductivity, 
especially when dry, it may attain a considerably higher tem¬ 
perature than that of the air generally, so that the herbaceous 
carpet in spring may be surrounded by an atmosphere having 
the optimum temperature for assimilation, whereas the general 
air temperature may still be below the minimum. 

Krzemieniewska has studied the occurrence of myxobacteria 
in the soils of Poland {Acta Soc. Bot. Pol., vol. v) and finds that 
their distribution is largely correlated with the soil reaction. 
Spline species occur only in alkaline to slightly acid soils p.H. 
6>(^8*o (e.g, Myxococeus virescens), whilst others are as definitely 
wntripted to soils that are markedly acid, p.H. 3*6-6‘4 (e.g. 

septahem). Others, such as Myxococeus rubescens and 
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S, composUum, ochibit a wide ranee of tolerance. Members of 
this group are more abundant in lowland than in upland soib. 

As a result of studies on Polygonum ampkibium, Marsiiia 
quadrifolia, Limnophila heterophylla, and other marsh plants, 
Woltemeck {Flora, p. 30, 1928), confirms the importance of the 
relation between organic and inorganic food supply in determin¬ 
ing the nature of the foliar type. By stimulating the rate of 
assimilation the land type of leaf can be induced even under 
water, whilst the water-form of leaf is induced by checking assimi¬ 
lation and providing conditions favourable to the intake of 
inorganic salts. 

The efficacy of montane culture of plants in increasing their 
resistance to disease is discussed by Costantin {Ann. Set. Nat., 
December 1927), who deals at length with the increased resist¬ 
ance of Sugar-cane to Sereh consequent upon culture at high 
elevations. The author suggests that the climatic conditions 
induce the production of substances analogous to antitoxins. 

Tincker {Ann. Boi., clxv, p. 101, 1928) finds that a shortened 
period of illumination may cause A vena saliva to function as 
a biennial. Several species, namely, Anthoxanthum odoratum, 
Daciylis glomerata, Phleum pretense, and Trifolium protense, 
which under a shortened day failed to flower during the first 
season, under natural conditions flowered earlia* in the second 
season. 

From a study of the Banana, Skutch finds that the lateral 
buds arise opposite the axils of the leaves, although in the 
closely allied Ravenala the buds occupy the normal axillary 
position. The phyllotaxy varies from 1/3 to 4/9 on the 
adult. Stomata are orientated parallel to the vein and show 
the usual increase in number from the base of the lamina to the 
apex and from the midrib to the margin {Bot. Gas., Ixxxiv, 
PP- 337 - 90 - 

P&AHT FS78ZOLOOT. By Prof. Walter Stilbs, Sc.D.. F.L.S.. F.B.S.. 

The University, Reading. 

Permeability and Related Questions. —In the course of the last 
discussion on Permeability in these pages (Science Progress, 
20, 417-23, 1926) reference was made to work with the marine 
alga Valonia by Matilda M. Brooks. The same worker )^s 
since extended her observations with this plant and published 
a number of fresh papers recording her results. She finda 
r* The Permeability of Protoplasm to Ions,” Amer. Joum, 
Physiol., 70 b 116-20, 1926) that when plants of Vahma 
tnacrofthysa are immersed in solutions containing 0*002 ii, 
arsenic and arsenious acids for various periods, the conc«dti%* 
tion of arsenic in the edib may be greater than that left in t^ 
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external medium. Her results militate against the view ex¬ 
pressed by Osterhout that only undissociated molecules enter 
living cells. A number of papers by the same writer deal with 
the penetration into the same alga of the dye 2-6-dibromophenol 
indophenol. In one of these papers (" Studies on the Per¬ 
meability of Living Cells, VI : The Penetration of Certain 
Oxidation-reduction Indicators as influenced by pH ; Estima¬ 
tion of the rH of Valonia,” Anter. Joum. Bot., 7 ^ 360-79, 1926) 
it is recorded that the penetration of the dye follows the same 
course as a bimolecular reaction and the amount of dye in the 
sap when equilibrium is attained is proportional to the amount 
of undissociated dye in the surrounding medium. The dye is 
present in the sap in the reduced form only, but the sap alone 
will not reduce it ; hence it is concluded that the reduction is 

f Tobably brought about by the — SH group of the protoplasm, 
ncreasing the acidity of the sap resulted in the penetration 
of more dye. With higher temperatures or with lower con¬ 
centrations of dye the intake of the dye follows a course similar 
to that for two consecutive unimolecular reactions. Methylene 
blue is found in the sap only in the oxidised form and the amount 
present is not influenced by changes in acidity. The oxidation- 
reduction potential of Valonia was found to lie between rH 16 
and 18. 

In another paper Miss Brooks (“ Studies on the Permeability 
of Living Cells, VII: The Effects of Light of Different Wave¬ 
lengths on the Penetration of 2-6-dibromophenol indophenol 
into Valonia," Protoplasma, 1 , 305-12, 1926) records that 
when plants of Valonia are placed behind screens which transmit 
a limited range of light-waves, the amount of the dye entering 
the cell sap increases as the wave-length of the light decreases. 
The wave-lengths examined varied from 300/*/* to yoo/t/x. 

In yet another paper Miss Brooks has recorded the results 
of experiments on the influence of a number of salts on the 
penetration of a dye, dahlia, into cells on the alga Nitella 
Studies on the Permeability of Living Cells, VIII: The Effect 
of Chlorides on the Penetration of Dahlia into Nitella,” Proto¬ 
plasma, 8» 420-7, 1927). She found that all the chlorides 
examined, those of sodium, potassium, calcium and magnesium, 
antagonise the entry of the dye, of those examined sodium 
bang the least effective and magnesium the most effective. 
An wtagonism was observed between the action of sodium and 
calcium, but in presence of both these salts the entry of the 
dye Was not equal to that in absence of them. 

Marian Irmn has also obtained data relative to the penetra- 
twtt of dyes into cdls, in this case those of the alga Nitella. 
wei that when cdls of this alga are placed in a solution 
bf bHlnant citsyl blue containing ammonium chloride, the dye 
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accumulates in the cells less rapidly than when no ammonium 
chloride is present, and this may occur without any increase in 
the alkalinity of the sap (“ Accumulation of Brilliant Cresyl 
Blue in the Sap of Living Cells of Nitella in the Presence of 
NHj,” Joum. Gen. Physiol., 0 » 235-53, 1926). This decrease 
in the rate of intake of the dye appears to be related to the 
presence of ammonia in the sap and does not appear to 
occur when ammonia is present only in the external solution. 
In a second paper (“ Exit of Dye from Living Cells of Nitella 
at Different j^H Values,” Joum. Gen. Physiol., 10, 75-102, 1926) 
the same worker reports that experiments on the exosmosis of 
brilliant cresyl blue from living cells of Nitella immersed in 
solutions of various pH value but containing no dye, support 
the view that the quantitative relations between the amount 
of dye in the external solution and in the cell interior depend 
on the fact that the dye exists in two forms, one of which passes 
readily through the protoplasm while the other penetrates 
slowly or slightly. The quantity of the former increases at 
the expense of the latter with increasing alkalinity. Thus 
the rate of exosmosis of the dye is increased when the alkalinity 
of the sap is raised by penetration into it of ammonia. 

G. W. Scarth (” The Mechanism of Accumulation of Dyes 
by Living Cells,” Plant Physiology, 1 ,215-29, 1926) has published 
data relative to the way in which dyes accumulate in cells. 
Where basic dyes are strongly absorbed and so stain deeply 
they combine with colloidal material in the sap as well as with 
protoplasmic material and the <;:ell is then incapable of further 
vital staining. The staining of the cell sap is greatest when the 
sap is slightly acid, with />H between 5 and 6. If made more 
acid the dye leaches out from the cells and the material in 
the sap acquires an affinity for acid dyes. If the sap is made 
more alkaline there is also a slight loss of basic dye. The 
maximum condensation of the colloidal material appears to 
take place when the pH is slightly higher than that of the 
isoelectric point as indicated by staining. It is concluded by 
Scarth that the colloidal material is an amphol3rte and that it 
appears to be partly hydrated lipoid substance, probably sur¬ 
rounded by a mono- or bi-molecular film. 

A long paper has been published by K. Hdfler and F. Weber 
on the effect of ether narcosis on the permeability of plant cells 
to urea (“ Die Wirkung der Athemarkose auf die Hamstoff- 
permeabilitlit von Pflanzenzellen," Jahrb. /. wiss. Bot., 8(h 643- 
737, 1926). The plant cells employed were the cortical cells 
of the upper part of the flower-stalk of HemerocaUis flam and 
H. fulva, and of the stem of Callisia repens. For determinioff 
the permeability of the cells the plasmometric method of 
Hdfler was employed in which the volume changes in the 



PLANT PHYSIOLOGY 53 

protoplasts of individual cells are determined. It was found 
that with all three kinds of cells permeability to urea is prac¬ 
tically doubled by adding ether. Control experiments in 
which sucrose was used in place of urea showed that the more 
rapid recovery from plasmolysis in the case of etherised cells 
is actually due to the penetration of urea and not to the pro¬ 
duction of fresh solutes in the cell under the action of the 
narcotic. 

The permeability of the protoplasm of the cells of onion- 
bulbs, Dahlia tubers, and some other kinds of cells is dealt with 
in a contribution by W. S. Iljin (“ Die Durchlassigkeit des 
Protoplasnias, ihres quantitative Bestimmung und ihre Beein- 
flussung durch Salze und durch die Wasserstoffionkonzentra- 
tion,” Protoplasma, 8> 558-602, 1928). From these researches 
it appears that more sugar is left in onion-bulbs and more 
fructose and inulin in Dahlia tubers after they have been 
soaked for two days in a salt solution than after they have been 
exposed for a similar time to distilled water. The salts 
examined, which all produce this effect, are the chlorides of 
sodium, potassium, magnesium, calcium, and manganese. 
That this result is to be attributed to the salt reducing the 
permeability of the protoplasm to the sugar or inulin, as the 
case may be, is shown by the fact that analysis of the external 
solution shows that less of the carbohydrate in question diffuses 
into a salt solution than into water in the same time. Of the 
salts examined calcium chloride is apparently the most effective 
in reducing permeability to sugar. If too high a concentration 
of salt is employed an increased exosmosis of sugar may be 
observed ; this is attributable to toxic action of the salt in high 
concentration. Similar results were obtained with regard to 
the influence of salts on the permeability of the protoplasm to 
potassium. Mixtures of salts were found to be more effective 
than single salts in reducing the permeability of ceils of the 
onion to sugar. With Knop's solution, however, a position of 
maximum permeability was observed in a certain low concen¬ 
tration of the solution; with increase or decrease in concen¬ 
tration the permeability was less. The reaction of the external 
solution exerts a very considerable influence on the permeability 
of the protoplasm. In passing from acid through neutral 
solutions to an alkaline medium the permeability decreases to 
a minimum and then increases. The position of the minimum 
varies with different molecules and ions. For sugar it was 
found to lie at about pH 7 and for potassium at about pH 5-6. 

The present writer has investigated the exosmosis of solutes 
Irom slioM of various storage tissues into distilled water (“ The 
MxdammtB of Dissolved Substances from Storage Tissue into 
Water, Pniopkama, i, 577-601, 1927)* The course of 
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exosmosis is entirely different if the tissue is kept in still watw 
in closed bottles from what it is when the bottles are kept in 
movement. In the former exosmosis continues until the tissue 
is completely dead, whereas under the latter conditions, and 
if the stoppers of the bottles are removed at least once a day, 
an exosmosis of electrolytes b followed by a reabsorption of 
the electrolytes previously given out. This difference in 
behaviour is attributed to the removal of diffusion shells of 
oxygen and carbon dioxide in the case of the shaken tissue. 
It is thought that the course of exosmosis and absorption 
observed is due to two processes ; a diffusion of solutes from 
cut surface cells and cells bordering them, and an absorption 
of these solutes by the uninjured living cells in the interior of 
the tissue slices. The observed results point to the possibility 
that solute absorption by plant cells is to be regarded as a 
double process, an adsorption of solute by the protoplasm and 
a diffusion of solute through the protoplasm into the vacuole. 

The influence of various factors on the capacity of cells 
of Nitella to accumulate halogens in the cell sap has been in¬ 
vestigated by D. R. Hoagland, P. L. Hibbard and A. R. Davis 
(“ The Influence of Light, Temperature, and other Conditions 
on the Ability of Nitella Cells to concentrate Halogens in the 
Cell Sap,” Joum. Gen. Physiol., 10, 121-46, 1926). By means 
of a special technique the amounts of chlorine and bromine in 
very small quantities of sap, usually about i c.c., were deter¬ 
mined. Both halogens accumulate in the sap so that at equili¬ 
brium the concentration of these may be very much higher in 
the sap than in the surrounding solution. It was found that 
the electrical conductivity of the sap can be increased by this 
accumulation and the latter is not explicable on the basis of 
combination of the halogen with a cell sap constituent. Energy 
relations appear to be involved, for it was found that the accumu¬ 
lation is dependent on illumination, although there does not 
appear to be a direct light effect involved. The temperature 
coefficient of the rate of accumulation of halogen in the sap is 
of the order of that characteristic of a chemical reaction. It 
is concluded that the usual conceptions of permeability are 
inadequate to explain the absorption of mineral salts by plant 
cells. 

Absorption of mineral salts by seedlings of Citrus and 
walnut has been investigated by A. R. C. Haas and H. S. Reed 
(“ The Absorption of Ions by Citrus and Walnut ^edlings,*’ 
Hilgardia, 8, 67-106, 1926). In agreement with earlier wm-k 
by other investigators on other plants these workers find that 
the two ions of a salt are not absorbed in equivalent quantititt. 
In nearly every case the kation of a salt was found to be absorbed 
m(n?e than the anbn, although the amount of the one ion 
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absorbed appe^ to be dependent on the nature of the other. 
Thus more kation would be absorbed from a nitrate than from 
a chloride of the same metal. The absorption of calcium was 
found to be retarded by the presence of potassium and much 
less so by the presence of sodium. The absorption of potassium 
was not retarded by the presence of sodium. Potassium and 
nitrate were generally absorbed in large amounts. The absorp¬ 
tion of the latter was retarded by the presence of chloride 
but not by other ions. In all cases an exchange of ions between 
roots and solution was observed, generally resulting in a change 
in the hydrogen-ion concentration of the solution. 

Finally" reference may be made in this connection to a 
paper by H. G. M. Jacobson (Joum. Agronomy, 17, $ 77 -^ 6 , 
1935), in which it is reported that wheat plants 100 days old 
changed the reaction of a culture solution in 12 hours from 
^H3’9 to />H6'3, this decrease in acidity being attributed 
partly to selective absorption of the nitrate-ion of potassium 
nitrate, excess potassium ions being left in the solution, and 
partly to root excretion. Rice plants brought about a change 
in the reaction of the culture solution in the reverse direction, 
from ^Hs-o to pHyo in three days, this change in this case 
being attributed to excess absorption of the kations of sulphates 
and excretion of carbonic acid from the roots. 


BVTOICO&OOT. By H. F. Barnbs, B.A., Pb.D., Rothainstcd Experi¬ 
mental Station, Harpenden. 

General Entomology. —P. A, Buxton and G. H. E. Hopkins 
{Researches in Polynesia and Melanesia, Parts 1-4, Medical 
Entomolop>, published by the London School of Hygiene and 
Trojpical Medicine) have produced an interesting work dealing 
with the islands, their flora and fauna (part i), the climate of 
Samoa (part 2), the myriapoda, arachnida and insecta (part 3) 
and an account of experiments made with mosquitoes (part 4). 
G. H. Carpenter {The Biology of Insects, xv + 473, 16 pis., 
88 flgs., 16 pp. refs., Sidgwick & Jackson, Ltd., 1928, 16s.) has 
written a readable and well-illustrated book on insect biology. 
E. Hubault has valuable information regarding the biology of 
aquatic insects in his excellent work entitled Contribution d 
Tikude des InverUMs Torrenticoles {Supplement 9 of Bull. Biol, 
Prta/M ei Belnque, 1927). He emphasises the iniportance of 
the supply of oxygen to all forms living in this ecological 
habitat. A List of the Insects of New York (Memoir lor, 
Cornell University Agricultural Experimental Station, 1928, 
1121 pp.) is a useful list of insects, spiders, gall-mites and 
.Piplo]^s arranged under orders. In all, 430 families, 4,797 
vaaera, and 1^,134 tpedes are recorded. A fourth fully revised 
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edition of Rostrup’s book on agricultural pests has been pro- 
duced by S. Rostrup and M. Thomsen (Vort iMndbrugs Skadedyt, 
August Bangs Forlag, Copenhagen, 1928, xix + 348, 224 figs.)> 
It is a great pity there is not a textbook in English on similar 
lines to this one. The figures are especially good. 

W. Horn {Deut. Ent. Mus., 12, 1926, 133 pp.) has done a 
useful piece of work in compiling the location of entomological 
collections alphabetically by authors. 

Observations et reflexions d’un naturalisie dans sa camflagne 
(Librairie Kundig, Geneva, 1928, 211 pp.) is the title of a book 
by F. Brocher dealing in delightful language with the habits 
and biology of a number of common insects and original 
observations and experiments. O. W. Richards {Biological 
Remews, 2, 1927, 298-364) deals with sexual selection and allied 
problems and appends a list of over 400 references. Mon¬ 
strosities or abnormal structures, particularly of Orthoptera, 
are the subject of an exceedingly interesting work by P. Cappe 
de Baillon {Recherches sur la Teratologic des Insectes, 1927, 
291 pp., Lechevalier, Paris). The writer deals with the 
embryology, morphology and biology chiefly of the Phasmid 
Carausius morosus, and has a critical review of the biblic^raphy 
of teratology, W. R. Thompson and H. L. Parker {Ann. Soc. 
Ent. France, 96, 1927, 113-46) give an account of the life and 
morphological adaptation of parasitic insects. 

H. M. Morris {Ann. Appl. Biol., 14, 1927, 442-63) finds 
that artificial manures have little effect on the soil fauna as 
represented by insects and other invertebrates, but dung con¬ 
siderably increased the numbers. 

G. Fox Wilson {Trans. Ent. Soc. London, 74, 1926, 243-54) 
showed how attractive sap-exudations are to certain insects 
and more recently D. Keilin {Parasitology, 16, 1927, 368-74) 
has shown how limited spaces, e.'g. sap-exudations and tree 
wounds, in this case on a horse-chestnut tree, may be of the 
greatest importance in the infection of larvae with various 
forms of parasites. 

The prevention of insect pests as opposed to the cure of 
insect pests is the subject of a very readable paper by G. Fox 
Wilson {Jl. R.H.S., 6^ 1927* 235-45). To quote the writer; 
“ Within recent years we have heard a great deal about pre¬ 
ventive medicine but far too little about the prevention of 
insect pests and fungus diseases ”; and again, “ It is important 
to prevent the presence of insects ... in gardens and fanns, not 
only for the direct damage they do to plant life ... but for the 
indirect damage that is done by (i) lowering the vitality of 
plants . . . and (ii) the danger of disease transmission directly 
through their presence.” In this connection it is interesting 
to note that K. M. Smith (Ann. Appl. Biol., li 1927, 113-^1) 
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sSas been successful in transmitting mosaic disease of potato 

means of two species of greenfly. 

Insects have long been known to play an important part in 
the pollination of fruit-trees, and G. Fox Wilson (//. 61t 

1926, 225-51) has now provided us with more definite con¬ 
clusions as to what insects may be considered essential. In a 
series of experiments on the sensibility of insects to chemical 
stimulants R. Poutiers {Ann. des Epiphyties, 18, 1927, 181-94) 
s)iows that the addition of acetic acid and ethyl alcohol to 
beer increases the attractiveness of the mixture. 

A. O. Larson {Ent. News, 88 , 1927, 47-51 and 65-70) shows 
how motor-cars, besides acting as carriers of insects, also reduce 
the number of insects, by (1) diminishing the quantity of food 
available for houseflies, (2) dripping oil which acts as a mosquito 
larvacide, (3) dusting the hedgerows and so destroying breeding 
places, and (4) running over immense numbers and striking 
others while in flight. 

The history of the introduction of beneficial insects into 
Hawaii for the destruction of insect pests is reviewed by P. H. 
Timberlake (Proc. Hawaii Ent. Soc. 1926, 8 , 1927, 529-56), and 
it is pointed out that the main reason for the success obtained 
is the fact that the insect fauna of these islands is extremely 
simple compared with other regions. In view of the develop¬ 
ment of the artificial exportation of insects in connection with 
the biological control of weeds and insects. Miss N. M. Payne’s 
paper (//. Morphol., 48, 1927, 521-46) on the freezing and 
survival of insects at low temperatures, with a list of references, 
is noteworthy. 

Some Pests of Water Lilies is the title of an interesting paper 
by G. Fox Wilson (//. R.H.S., 68, 1928, 81-91) in which the 
larvae of caddis-flies, aphides, the waterlily beetle, and the 
larvae of the Brown China moth and a midge are the chief 
insects with which the writer deals. 

Ortkoptera .—^The second volume of Thysanoures, Derma- 
ei Ortkopthres de France et de la Faune Europiene. (Gaston 
Doin, Paris, 1927) by C. Houlbert completes the account of 
the Orthoptera. The numerous illustrations should prove 
useful to the field naturalist for purposes of identification. The 
first volume was published in 1924. 

Cohoptera. —In an endeavour to throw light on the means by 
which the cotton plant attracts the cotton boll-weevil, N. E. 
McIndoo^/.y^gr.JRw., 1926,88,1095-1141) has made a thorough 
$tu^ of the anatomy of the sense organs of the weevil and com¬ 
piled all the available information. H. C. James, in a paper 
{Ann, Appt, Biot,, 14» 1927, 479-81) on the so-called sensory 
of the 9th abdominal segment of the wireworm, comes to 
tm coi^iisioii that the structural evidence favours the view 
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that these pits are a pair of muscular impressions; no structures 
associated with them indicate any sensory receptions and there 
is no evidence that they are a pair of modified spiracles as 
suggested by Horst (1922). In addition, some notes oh the 
internal anatomy are given—there are no salivary glands and 
the mesenteron is devoid of gastric c®ca. The development 
of the mid-gut of insects has been the subject of many investiga¬ 
tions, and there are two views—(a) the mid-gut epithelium is 
endodermal in origin, (b) the mid-gut epithelium is derived from 
proliferations of the inner ends of the stomodjeum and procto- 
daeum and therefore is ectodermal. From investigations on 
Calandra K. Mansour {Q.J.M 3 ., 71, 1927. 313-S2) considers 
that the larval mid-gut epithelium in the rice-weevil and 
most pterygote insects is derived from the inner ends of the 
stomodsum and proctodaeum and so ectodermal in origin 
(c/. Eastham, 1927). 

A valuable study of the immature stages of water-beetles 
has been made by H. Bertrand {Les Larves et Nymphes des 
Dytiscides, HygroHidce et Haliplides, vi 4- 366, 1928, Le- 

chevalier, Paris). Nearly all the larvae described by J. C. M. 
Gardner {Identification of Immature Stages of Indian Cerambycidat 
II, Indian Forest Records, 18, 1927,1-37) are of great importance 
as pests of forest trees. L. Falcoz {Ann. des Epiphyties, 1£, 
1926, 109-29) gives an important account of Curculionid 
larvae of the genera Cleonus, Lixus, Ceutorrhynchus, and Baris. 

M. H. Hatch, in a summary of our knowledge of fossil 
Coleoptera Brooklyn Ent. Soc., 81, 1926, 137-44), points 
out that probably the beetles have been a dominant animal 
group since the beginning of the Mesozoic era. 

Lepidoptera .‘—revised edition of E. Me3Tick’s book on 
British Lepidoptera (Messrs. Watkins & Doncaster, 1928) 
has appeared ; that part of the volume dealing with the Micros 
has been rewritten. It will be noticed that about 100 species 
have been added to the British list. W. J. Kaye and Sir 
Norman Lament, Bt., have compiled a valuable catalogue of 
the Trinidad moths {Mem. Dept. Agric. Trinidad and Tobago, 
No. 3, viii + 144, 1937); 1,016 species of moths are recorded, 
but the list is only a preliminary one, and it is felt that many 
more will be recorded. From an economic point of view 
twenty-eight species are definitely ascertained to be habitual 
or occasional pests to horticulture or agriculture. 

Butterfly migration in South India and Ceylon is the subject 
of a paper {Trans. Ent. Soc. Londqn, 75, 1927, 1-33) by C. B. 
Williams. ‘ 

Since so little information on the embryology of insects 
has been written in English, L. Eastham {Q.J.M.S., 71. 1927, 
353-94} lias done a useful piece of work by his paper on tM. 
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embryology of Pieris rapae. It appears that the vestigial 
epdooerm develops earlier in Pieris than in Calandra (K. 
Mansour, 1927}^ and so there is perhaps no great distinction 
between a mid-gut that arises from anterior and posterior 
mesenteron rudiments (endodermal) and one which arises from 
the blind ends of the stomodaeum and proctodaeum (ectodermal). 

An important paper on the grasserie disease of silkworms 
and the wilt disease of tent caterpillars by R. W. Glaser has 
appeared {Ann. Ent. Soc. America, 80, 1927, 319-43). 

Hemiptera. —The second volume of F. V. Theobald’s valuable 
monograph on the British Aphides has appeared {Ashford, Kent, 
Headley Bros., 1927, 411 pp,). This volume deals with the 
subtribe Aphidina (the last of the tribe Aphidini) and the first 
two subtribes, Callipterina and Monaphidina, of the tribe 
Callipterini. J. Davidson {Jl. Linn. Soc., 86, 1927, 467-77), 
after dealing with intermediate forms of Aphis rumicis (forms 
possessing morphological features which place them as inter¬ 
mediate between alate and apterous viviparous females), comes 
to the view that they are produced by conflicting physiological 
influences which tend to produce apterous forms ; further, that 
the apterous condition, as well as involving germinal changes, 
is the result of physiological conditions. This appearance of 
intermediates appears to be parallel with Goldschmidt’s inter¬ 
sexes in silkworms. R. Le Pelley in a study of the resistance 
of apple to woolly aphis {Jl. Pom., 6 1927, 209-41) comes to 
the conclusion that whatever determines immunity is inherited 
and probably segregates in a Mendelian manner. T. Esaki 
and W. E. China {Trans. Ent. Soc. London, 76, 1927, 279-95) 
have raised a new family, Helotrephidas, to hold the three 
genera Helotrephes Stal, idiocoris and Paskia, the latter two 
genera of water-bugs t^ing discovered in Lake Tanganyika. 
Fascicle 1 of the General Catalogue of the Hemiptera (Membracid® 
by W. D. Funkhouser, Smith College, Northampton, Mass., 
1937, 581 pp.) sets a very high standard for the remaining 
fascicles of this work ; in this fascicle each species has been 
recorded under each genus in which it has ever been placed and 
a reference is given to the correct location. S. Hughes-Schrader 
has pr^ously shown that the species of Coccid, Icerya purchasi, 
comprises hmnaphrodites—capable of self-fertilisation and 
which corres^nd in general body form and behaviour to the 
females of related species, and which arise from fertilised eggs 
—and occasional males, haploid in chromosomal constitution, 
which arise from unfertilised eggs. In the present paper 
{Zmisekr. /. Zellforsch. Mikros. Anat., 6, 1927, 509-40) the 
writw describes the development of the hermaphrodite gonad. 
The jgernifcdls of the hermaphrodite embryos contain the 
number of chromosomes (4) from the time of the first 
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segregation of the germ-cells m to the time of the emergence 
of the n3rmph from the egg. During the early part of the first 
nymphal instar, usually before the attachment of the nymph 
to the host plant has occurred, haploid nuclei appear among 
the diploid nuclei of the gonad. Breeding data indicate that 
separate strains or races differing in respect of the presence or 
absence of the facultative parthenogenesis by means of which 
the haploid males are produced do not exist. M. Thomsen 
{Zeitsckr. f. Zellforsch. Mikros. Anai., 6» 1927, i-ii6) gives a 
detailed account of the cytological study of Lecanium hesperi- 
dunt and L. hemisphcericum, Trialeurodes vaporarium, Aleurodes 
proletella and A. nephroUpidis, together with a general dis¬ 
cussion on the question of parthenogenesis. S. Minkiewicz 
(M6m. d’Instil. Nat. Pol. d'£con. Rur. Pulawy, 114, 1927, 
457-528) states that the hatching from the egg of the apple- 
sucker {Psylla mali) is dependent on the early or late develop¬ 
ment of the buds—hatching occurs on different varieties of 
apples at different dates, but at the period when the buds of 
these varieties are in a similar state of development. Me 
maintains in connection with the hatching period that Theobald’s 
and Lees’ hypotheses concerning the heat generated by the 
flow of sap and the physiological connection between the egg 
and tree are untenable on account of numerous observations 
such as the position of eggs on scales, the hatching at different 
dates of eggs on the same flower-stalk, etc., and puts forward 
the hypothesis that the different duration of development 
may be due to the fact that the e^s are laid at different times 
and that the ones laid earliest may have reached an advanced 
stage of development before winter weather sets in. 

Hymenoptera. —comprehensive study of the biology of 
this group, so far as is at present known, by H. Bischoff {Bio- 
logie der Hy^nopteren, Springer, Berlin, 1927) has appeared. 
In The Origin of Instinct, by E. Bugnion (Kegan Paul, Trench, 
Triibner & Co., Ltd., 1928), translated by C. K. Ogden, we have 
an admirable account of the wars between the ants and the 
termites which will be extremely useful to all students of 
instinct. A. H. Hamm and O. W. Richards {Trans. Ent. Soe, 
London, 74, 1926, 297-331), in a paper on the biology of the 
British Crabronidae, bring together many valuable observations, 
collected during twenty years, on the prey of this group. 

The first of a series of papers on the muscles of the bee by 
G. D. Morison has appear^ {Q.J.M.S., 71, 1927, 395-463) 
and deals with the somatic musculature, histology of muscle- 
fibres, ph3rsiology and histology of the nervous system in rela¬ 
tion to the musculature and the mechanics of respiratory 
movements. This paper is particularly valuable as it is the 
precursor, with two other papers on healthy muscles yet to 
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appear, of one on the pathological muscles caused by diseases of 
adult bees. St. Soudek.(B»//. de Vicole supMeure a’Agronomie, 
Bmo, 1927), from a microscopical and cytological study of the 
structure of the pharyngeal glands and their physiological 
condition in bee workers of different ages and activities, con¬ 
cludes that the function of the glands is the production of 
brood-food. This agrees with the usually accepted view of 
Rdsch and others. In Die Biene, by F. Leuenberger (152 pp., 
104 figs., 1928, Sauerlander & Co., Aarau) we have an admir¬ 
able and well-illustrated handbook on the structure and life 
of the honey-bee. To E. F. Phillips and L. M. Bertholf (//. 
Agr. Res., 86, 1927, 385-428 and 429-52) we are indebted 
for two important papers on the utilisation of carbohydrates 
by honey-bees and larvae respectively. The former writer 
shows that enzymes of the amylase-dextrase group are absent 
in adult bees, and this fact, together with the work recorded, 
supports the view that dysentery in winter is caused by the 
indigestibility of dextrins in the food supply. Bertholf shows 
that bee larvae cannot use starch or glycogen, and that diastase 
is not present in the lumen of the gut, but is present in the 
ccelomic fluid. L. R. Watson (//. Econ. Enf.,2Xi, 1927, 530-44) 
has successfully demonstrated instrumental insemination of 
the queen bee. 

0 . W. Richards {Trans. Ent. Soc. London, 76 , 1927, 233-66), 
while studying the specific characters of British Humble-bees 
and in particular in comparing the genera Bombus and Psiihyrus, 
has come to the conclusion that the specific characters of 
humble-bees do not appear to have any direct connection with 
the life-histories of the species. T. H. Frison {Jl. Econ. Ent., 
80 , 1927, 522-6) has been able to fertilise and hibernate certain 
species of queen humble-bees under control conditions. 

Among other studies in tropical wasps by F. X. Williams 
{Bull. Expt. Sia. Hawaiian Sugar Planters’ Association, 19 , 
1928, 1-179), the writer deals with the habits of the wasps of 
the G^us Larra which particularly prey on mole crickets. 
Nine species attacking these insects have been studied ; the 
various Larra species are not indiscriminate in their tastes, 
but favour a particular species of mole cricket for their young. 
Mole mckets are agricultural pests in some parts of the world. 
Descriptions are added of new species of fig wasps which ^e 
of sj^ial interest as they act as pollinating agents for the species 
of fig they inhabit. The same writer {Proc. Hawaiian Ent. 
Soc., 1926, 6^ 1927, 425-64), in an interesting paper on-the 
habits of the bees and wasps of the Hawaiian Islands, showed 
how, while in certain endemic genera there are large numbers 
of species, e.g, Ncsoprosopis, with over fifty species, yet in world- 
^de gena% there are very few species, e.g. Megachile, with 
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only five species at the most. F. Claude Joseph (Ann. Set. 
Nat., 9, 1926, 113-268) has written an interesting and well- 
illustrated account of the biology of the bees of Chile. 

Diptera. —^The British Tachinidse and Platypezidae are very 
similar to those of Denmark and so W. Lundbeck’s latest 
volume (Diptera Danica, part 7, Platypezidae, Tachinidae, 
1927) will be indispensable to dipterists in this country. The 
arrangement of the present volume is based on Villeneuve’s 
recent researches. Four more volumes of Faune de France 
have appeared ; No. 13 (1926) by E. S^guy dealing with the 
Stratiomyidai to the Omphralidae ; No. 14 (1926) by L. Falcoz 
on the Pupipara, it will be noticed that the Braubidae are no 
longer contained in this group; No. 15 (1927) by M. 
Goetghebur on the subfamily of midges Tanypodinae ; No. 17 
(1927) by E. S^guy on the Asilidae. All these volumes reach 
the high standard set by the preceding volumes. H. F. 
Barnes (Jl. S. E. Agric. College, Wye, Kent, 84, 1927, 65-146) 
summarises our present knowledge of the British gall midges 
(Ceddomyidee) known to attack cereal crops, fodder crops, 
fruit, vegetables, and miscellaneous plants. A new botfly 
(Cuterebra bceri) parasitic in monkeys from British Guiana has 
oeen described by R. C. Shannon and C. T. Greene (Zoopatho- 
logica, 1, 1926, 285-90). A. L. Tonnoir (Ann. Mag. Nat. Hist., 
19 (9). 1927, 291-300) describes the acephalous larva of a 
remarkable nematocerous Dipteron (Canthyloscclis antennaia) 
described by F. W, Edwards (Ann. Mag. Nat. Hist., 9 (9), 
1922, 267). The affinities of this,genus are very difficult to 
determine, since it differs very much from most other Scatop- 
sidae, Bibionidaj, and Cecidomyidae. O. Kriebel (Pub. de la 
Facultd des Sciences de I'Universitd Masaryk, 1927, 1-15) shows 
that the adipose tissue of Chironomids is composed of two 
layers—^the exterior and interior being quite different from the 
point of view of morphology and physiology. The interior 
IS to be regarded as having nutritive function, while the exterior 
has an excretory function. Miss A. D, Bergner (Jl. Expt. 
Zoo., 60, 107-154) finds that prolonging the larval or pup^ 
stages or inducing temporary sterility of adult female Drosophila 
causes an increase in the amount of crossing over. It has 
already been shown that temperature and X-ray does the 
same. An important account of the circulatory system of 
Tipulid larvae with special reference to T. selene has appeared 
by O. Wettinger (Zeits. f. tvissens. Zool., 189, 1927, 453-82). 

It is very important in the study of questions relating to 
the distribution and phylogeny of parasites to know the agenciei 
or conditions which break down natural barriers to their spread 
from host individual to host individual and host spec&i to 
species. The Hippoboscid Omithomyia crvtculatia is Imown to 
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carry lice attached to its body, but in each case the host bird 
has been a different species, ranging from the European black¬ 
bird to the European black grouse. It is amazing to find that 
in nearly all the records of Hippoboscids carrying lice only 
one species of Omithomyia is involved. H, E. Ewing (Ann. 
Ent. Soc. America, 80, 1927, 245-50) comes to the conclusion 
that there must be something in the habits or nature of O. 
avicularia that causes the lice to select this species alone. 

Other Orders. — Pi.. E. Emerson (Zoologica, 7, 1926, 69-100) 
has studied moulting termites in relation to the development of 
the soldier caste of Nasutitermes cavifrons and its phylogenetic 
significance. R. S. Bagnall {Ann. Mag. Nat. Hist., 80 (10) 
1928, 304-307) has raised a new superfamily and family for an 
interesting new species of thrips {Mymarotkrips ritchianus) 
from Tanganyika. C. H. N. Jackson {Ann. Mag. Nat. Hist., 
10(9). 1927, 485-97) describes some new Collembola found in 
a guacharo cave in Trinidad. E. Handschin {Zeitschrift fur 
tviss. Ins.-Biologie, 88, 1927, 295-310) has made a study of the 
ecology of Collembola on mountain moors. 

nUBMISTOaZC ASOSJBOLOOT. By L. J. P. Gaskin, Librarian to the 

Royal Anthropological Institute, London. 

{Mr. J. P. T. BurcMl is responsibh for the section on the " Sligo Palaolitkic 

Implements ") 

Antiquity (March 1928).—Prof. V. G. Childe contributes a 
well-illustrated article on the “ Lausitz Culture,” one of the 
several ” urnfield ” cultures of Europe which mark the later 
phases of the Bronze Age. Its distinctive mark is the bi- 
conical ossuary. This culture spreads from Silesia and Poland 
to Moravia and Lower Austria and westward into Thuringia 
and northward to the Spree ; traces of it are to be found in 
Northern Hungary, Macedonia, and Slovakia. Not the least of 
the achievements of the ” Lausitz Race,” which flourished in 
the second millennium b.c., was the diffusion of the socketed 
celt. 

In an article on " Prehistoric Cart-tracks in Malta ” Prof. T. 
2^mmit advances the theory that they were constructed by 
the energetic Neolithic folk of the island who, as the fields in 
the valleys could not satisfy their increasing numbers, carried 
the surplus soil to the hills, made fields and built walls round 
them. In evidence of this he points out that, though the 
fields have long since been washed away, traces of the walls 
stiU exist. 

Jmmtal of the Royal Anthropological Institute (July-Decem- 
bet tpayj.—In the ” Huxley Memorial Lecture,” 1927 (” The 
N^^derthal Phase of Man ”), t)r. Hrdlicka conceives Neander- 
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thal Man as indistinguishable from the man and period of 
the Mousterian culture." His argument is that since the phase 
of Neanderthal Man began towards the end of the warm main 
inter-glacial period, he would be confronted with the difficulties 
of hard winters, necessitating search for shelter, and changes 
in the fauna, necessitating search for food. Climatic changes 
would, therefore, require greater physical and mental exertion 
on the part of Neanderthal Man ; the less favoured would die 
and the more advanced would approach the status of primitive 
" Homo Sapiens.” The skeletal remains of Neanderthal Man 
bear evidence of such progression, and in art forms he is not 
far removed from the lower Aurignacian period as the imple¬ 
ments from La Quina and the decorated bone fragment from 
La Ferrassie bear witness. Dr. Hrdlicka believes, therefore, 
that the phase of Neanderthal Man is a stage in the evolutionary 
process to “ Homo Sapiens," and that he is not, as has here¬ 
tofore been imagined, of a different race to his immediate 
successors—the Aurignacians. 

L’Anthropohgie (tome 38, Nos. 1-2).—Dr, Henri Martin 
writes on the Solutrean Gallery of Roc (Charente) and its 
sculptured frieze. The sculptures represent horses and animals 
of a bovine character. In one scene a man is represented as 
running in front of a bull, and in another a horse is drawn in 
bold and vigorous relief together with an animal of bovine 
character, resembling a bison without the horns. Most of the 
animals represented are " femmes & gros ventre ” which suggests 
some kind of Fertility Cult. The technique is full of expression 
and life. 

In a note on Palaeolithic fishing tackle found in the " Grotte 
des Harpons " at Lespugue, Dr. R. Saint-Perier draws a com¬ 
parison between the fish-hooks he has found there and those 
used by the Esquimaux. 

Antiquaries Journal (April 1928).—Excavations in the 
Mendips. Mr. H. E. Balch reports finds of bronze fibula and 
bone pins in Wookey Hole. Flint-scrapers, knives and imple¬ 
ments from the Rock Shelter at Ebbor; the most striking 
implement was a leaf-shaped blade to which Mr. Reginald Smith 
assigned a Proto-Solutr^ origin. A neolithic celt and pottery 
fragments were found in Soldiers Hole, Cheddar Gorge. The 
results of these excavations show the first evidence for a neo¬ 
lithic occupation of the Caves at Mendip. 

Journal Russe D’Anthropologie (tome 15, parts 1-2).—^M. 
Kouftine, in an article on the neolithic station near the village 
of Lialowo in the district of Moscow, points out that M. Joukow 
was in error in comparing the Lialowo culture to the early 
Baltic cultures. As evidence he suggests that the flint material 
has not been classified by the classes visible, but on a theord;!^ 
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plan of M. Joukow’s own, and that picks without hafts do not 
correspond to the Maglemose culture, as according to Johansen 
they are found bone-hafted. M. Kouftine, on consideration of 
the perfection of the technique of the pottery, assigns a date 
not far in advance of the second period of Montelius to the 
Lialowo culture. 

Zeitschrift fur Ethnologic (1927, prrts 1-2).—In assigning 
the Palaeolithic Industry at Kosten near Lichtenfels (S. Ger¬ 
many) to the Solutrean period, Herr F. Wiegers points out the 
close proximity of other Solutrean sites, notably those at Neu- 
Essing and Pottenstein. Solutrean sites are not \exy frequent 
in Germany, but it is probable that in the diffusion of this 
culture from Hungary it passed through the southern parts of 
Bavaria. The importance of Kosten lies in the fact that it is 
the most northerly of the Solutrean sites as yet discovered in 
Germany. 

Afchocologia (vol. 77, 1927),—Mr. J. Graham Callander 
writes on recent archaeological researches in Scotland. The 
discovery of harpoons of Azilian type at Oban and in other 
parts of Argyll indicates a pre-neolithic population. Nor does 
the evidence for palaeolithic man in Scotland end here, for the 
pygmy implements found near Dryburgh are strongly remi¬ 
niscent of Tardenoisian sites in England. 

Bulletin de la Soddtd prihistorique frangaise (March 1928).— 
M. G. Drioux has compiled a useful inventory of the Megaliths 
of the " Haute-Marne,” to which has been added an index of 
the “ communes ” in which the Megaliths are to be found under 
the usual headings of Dolmens, Menhirs, Cromlechs, etc. 
Mdlle A. Hure reports on a palaeolithic (Auhgnacian) site 
between Le Portel and Cape D’Alprech (near Boulogne-sur- 
Mer); shells associated with the industry are to be found on 
the adjacent littoral. Mdlle Hure has also found neolithic flints 
in the vicinity. 

Revue Anthropologiq^ (Januauy-March 1928).—MM. J. 
Hamal-Nandrin and J. Servais have made an exhaustive study 
of the flint industries of the neolithic sites of Fouron-Saint- 
Pierre, Fouron-Saint-Martin, and Remersdael and the neolithic 
samdstone industry of the forests of Fontainebleau and Mont¬ 
morency. The similitude existing between the implements of 
the two industries is very striking; they belong to the early 
neolithic period, usually known as Campignian. The article 
is well illustrated. 

Aneeiger fUr schweteerische Altertumskunde (1927).—Herr 
G. Kraft in a long, well-illustrated article on the position of 
the Swiss in the Bronze Age cultures of Central Europe, surveys 
the whole of the Bronze Am cultures of Switzerland and com¬ 
pares them with those of Europe. He notes that there, were 

H 
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two different incursions into Switzerland follomi^ one upon 
another; one from Upper Italy (Mels-Rixheim), which he 
correlates with the middle of the Hallstatt period, and the 
other from the northern side of the eastern Alpine provinces 
(Oberendingen), which he compares with an early type of 
Hallstatt culture. 

Proehisiorische Zeitschrift (i8, parts 1-2).—Contains a long 
and well-illustrated article by Hubert Schmidt on Scythian 
horse-trappings. Herr Schmidt discusses the technique of the 
art forms employed, and points out traces of influences from 
Greece, Babylonia, Mesopotamia and the East. He dates the 
Scythian culture as between the end of 700 B.c. and the 
beginning of 600 b.c. 

Bulletiino di Paletnologia Italiana (46, parts 2-3) contains 
an article by I. Cafici on the prehistoric site at Scalona, Syracuse 
(Sicily). In attributing the finds to the Mousterian period, he 
points out the affinities existing between the palaeolithic indus¬ 
tries in Northern Africa and those in Sicily. The article is 
illustrated. 

Mitteilungen der anthropologischen Gesellschaft in Wien (SB* 
parts 1-2).—In a long and profusely illustrated article, Dr. W. 
Jenny discusses the cultural spheres of the Danubian decorated 
pottery. In tracing the influences on the ornamentation and 
motive of this pottery. Dr. Jenny instances the effect of the 
Northern and Near-Eastern forms of ornamentation. For his 
Northern group he includes the pottep^ of Scandinavia, N.W, 
Germany, Thuringia, Saxony, Bohemia, and Moravia, and for 
the Near-Eastern and Central groups the pottery of N.W. 
Hungary, Slovakia, Bulgaria, the Ukraine, and Asia Minor. 

Pravek (part 3, 1927). —^MM. Chleborad writes on two pre¬ 
historic cemeteries at Sardicky near Bucovice in Moravia. 
The period assigned to these cemeteries is that of the Aunjetitz 
Culture, early Bronze ^e (2000-1200 b.c.), which precede 
the Lausitz Culture. Eighty-nine graves have been excavated 
and 157 vessels, associated with the graves, were found; 
these have been listed and placed in the Museum at Brno 
(Briinn). 

Eurasia Septentrionalis Antiqua (I, 1927).—^A. M. Tallgren 
contributes a bibliography of the Archaeology of East Europe, 
1918-26. This consists for the greater part of Russian wor^, 
though Prof. Childe's valuable Daivn of European Civilisation 
and The Aryans make their appearance. It is well anno¬ 
tated. 

Prof. P. Rykov writes on the Chval3msk Culture of the 
Lower Vol^a. This is a Bronze Age culture which Prof. Rykov 
connects with that of the Caucasus ; the frequent appearance 
of Siberian cultural elements is very marked. 
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In an article on the cemetery at Abachevo, Prof. V. Smoline 
connects the bronze finds with the Chvalynsk Culture and with 
the Bronze Age Culture of the Caucasus ; he assigns them as a 
date the second half of the second millennium b.c. 


The Sligo Palaeolithic Implements 

On August 20 last Mr. J. P. T. Burchell put forward the 
claim, in Nature, of having discovered, on the west coast of 
Ireland, limestone implements of the Early Mousterian period^ 
The artifacts were found under three specific circumstances : 

(a) Incorporated in present-day beach material. 

\b) Under what Mr. Burchell claims to be a collapsed rock- 
shelter situated just within reach of the sea during severe 
winter storms. 

(r) Embedded in the Lower Boulder Clay of the neigh¬ 
bourhood. 

These specimens were carefully examined by Mr. J. Reid 
Moir, who, upon archaeological grounds, endorsed Mr. Burchell's 
contention. Following upon these pronouncements a com* 
raittee consisting of Prof. R. A. S. Macalister, Prof. J. Kaye 
Charlesworth, Dr. Lloyd Pneger, and Mr. A. W. Stelfox visited 
the sites and arrived at the following conclusions : 

(a) That the specimens in question were nothing more than 
angular pieces of beach material resulting from modern sea- 
action. 

{b) That the rock-shelter was nothing more than a modern 
storm-beach. 

(c) That in view of the nature of the Boulder Clay deposits 
themselves the possibility could not be admitted that any of 
the specimens collected therefrom were of human origin. 

It should be pointed out that no member of this committee, 
at the time of the issue of the above report, had examined the 
artifacts collected by Mr. Burchell. In view of this adverse 
opinion a committee consisting of Mr. A. L. Armstrong, Mr. M. C. 
Burkitt, Mr. H. Dewey, Miss D. A. E. Garrod, and Mr. Reginald 
A. Smith made a critical examination of a typical series of 
specimens recovered from the rock-shelter site. It was unani- 
mo^ly decided that the specimens represented human 
a^facts. The question as to the cultural age of the artifacts 
did not form part of the inquiry. Subsequently, at the request 
of the Irish Committee, l4of. P. G. H. Boswell of Liverpool 
Uxdversity, and Prof. O. T. Jones of Manchester University, 
axamiaed the sites in dispute and endorsed the geological views 
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previously expressed by this committee. In the middle of 
April this year Mr. Burchell carried out further investigations 
in the Sligo area, accompanied by Mr. C. Blake Whelan of 
Belfast, and it is understood that the discoveries arising there¬ 
from are of considerable importance. Mr. Burchell wUl make 
public his results in a paper to be read before the Society of 
Antiquaries of London in November next, when he will reconcile 
the geological and archaeological evidences. 

Norsk Geologisk Tidsskrtft (vol. x, part i, 1928).—In 1905 
the geologist N. Hartz, whilst engaged in investigating the 
neighbourhood of Harebjerg, one kilometre south of Brorup 
station in Jutland, found a flint implement lying twenty-three 
feet deep in drift, which for the most part was laid down during 
the glacial period. This find, hitherto unpublished, provides 
the long-sought evidence of man’s existence in Scandinavia 
during one of the inter-glacial periods of the Palaeolithic Age. 
In view of the occurrence of the implement, in situ, in the drift, 
the geologist could have no doubt that it dated from a period 
prior to the last glaciation, though he could not decide with 
certainty to which inter-glacial it belonged. It may be re¬ 
garded as certain, however, that the specimen belongs to the 
latest. The implement agrees remarkably with the geological 
evidence, being a small coup-de-poing of fairly rough work¬ 
manship, carefully though coarsely chipped on the side edges. 
It is clear that here we have an artifact of a type unknown in 
Denmark, but for which there are plenty of parallels in the 
PalsoUthic period of Western Europe. 

VUmriOlTd By Lesub J. Haeku, D.Sc., Ph.D., Nutritioiui 

l.aboratory, Cambridge. 

Mode of Action of Vitamin D. Question of Regulation 

OF Gut Acidity 

The present output of papers on the vitamins—A, B„ B,, C, 
D, E—shows a popular predilection for D. More papers have 
been published on this vitamin during recent months than on 
all the others put together. The B vitamins make a good 
bid for the second place. 

Notwithstanding the large number of workers, the multitude 
of fresh observations recorded, and the undoubted importance 
of many of the new facts brought to light, it must be confei^ 
that but little headway has been made towards ai^ adequate 
understandix^ of the mode of action of vitamins. Thus i^nt 
intensive work by Drummond and his collaborators has served 
only to show that almost all the symptoms hitherto attributed 
specifically to vitamin B deficiency are actually caus^ by 



NUTRITION 69 

starvation through failure of appetite; the primary question 
as to the mode of control of appetite by the vitamin remains 
unanswered. 

Vitamin C remains largely a neglected field. Vitamin A 
having been only recently disentangled from D, its effects 
have been inadequately studied free from complications due to 
the latter. Vitamin E is still in the descriptive stage,—descrip¬ 
tive of the foodstuffs containing it and of the net, final effects 
of absence. A suggestion that the efficacy of the Minot-Murphy 
liver treatment for pernicious anaemia was due to the presence 
of vitamin £ and a large iron content (Simmonds, Becker and 
McCollum, J. Biol. Ch^. Th, 1937, p. Izviii) has been disproved 
(Cohn et aUa, ibid., p. Izxii). 

In the case of vitamin D deficiency we are beginning to 
leam something about the chain of phenomena which terminate 
in the avitaminosis, i.e., in rickets. 

Natur$ of Rickets 

A word of explanation may be necessary for the reader who 
is learned in chemistry more than biology. It is sufficient to 
define rickets rather loosely as an insufficient deposition of 
calcium salts (calcium phosphates mainly) in the bones, a 
consequent insufficient rigidity of the bones and a resulting 
deformation. 

What is “ the cause ” of the disturbed calcification ? 

Cause not in the Bone 

The enzyme discovered some years ago by Robison in 
bones, the “ function " of which Is the hydrolysis of the phos¬ 
phoric esters with which the bones are supposed to be supplied 
oy the blood, is not at fault in rickets; its activity has been 
shown to be fully normal (Robison et alia, Biochem. Jour., 
1934, 1935, etc.). Bones from rickety animals, moreover, are 
found to calcify normally when immersed (a) in vitro, in 
suitable caldum solutions, or (b) in normal blood serum itself 
(Shipley, Kramer and Howland, Amer. J. of Dis. of Children, 

*9*S> P* 37)* The inquiry must therefore be pushed a stage 
further back. It seems likely that one contributory cause at 
least of rickets must be a deficiency in the supply of some 
fomta of phosphorus or calcium, or both, in the fluid which 
bathes and feras the bones, the blood. 

CkemUdry of the Caioium and Phosphorus of the Blood 

Ktainer and Howland daimed a few years ago to show that 
in ridteti thvre is always a subnoamal concentration of either 
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or both these elements in the blood Johns Hopkins Hos^ 
piial, 18.1923, p. 313). Now Holt, La Mer and Chown (/. Biol. 
Chem., 64, 1925, pp. 509, 567) have maintained that the blood 
contains calcium phosphate and carbonate in the form of a 
metastable supersaturated solution which would readily deposit 
the solid phase on coming in contact with bone. Robison, 
however, considers it " unjustifiable to regard blood as such a 
supersaturated solution until one knows more concerning the 
factors which control the degree of ionisation and solubility 

g roducts of the various components of such complex systems.” 

lore detailed physico-chemical studies have been published 
recently on the solubility of calcium salts in salt solutions and 
in biological fluids under various conditions, by Sendroy, 
Hastings and Murray {Journal of Biol. Chem., 71, 1927, pp. 723, 
783, 797). These authors provide a detailed mathematical 
treatment of mass law equations under varying conditions 
of pan*, and they deal at length with the relations between 
dissociation constants, activity coefficients, solubility products 
and ionic strength. They conclude that the theory of super¬ 
saturation is inadequate ; that calcium exists in serum in 
abnormal amounts bound to some substance or substances 
which hold it in solution in unionised form. Many other papers 
have appeared on the non-diffusible calcium in the blood serum 
(Upergraff, Greenberg and Clark, J. Biol. Chem., 71, 1926, p. 89) 
on the influence of proteins upon the solubility of calcium 
phosphate (Csapo, ibid., 76, 1927, p. 509) and on the ionic con¬ 
dition of phosphorus in blood (Grollnan, ibid., 78, 1927, p. 565), 
and so forth, to quote rather at random. While much is still 
in dispute we may venture to assume with confidence that the 
major defect in rickets, as indicated above, lies not in the 
ossifying tissues themselves, then,'but in the calcium or phos¬ 
phate or both in the blood. 

Proceeding with the analysis, we must inquire the reason 
for this defective supply. 


Calcium and Phosphate Retention 

It is still believed by some authors that there is no reason 
to suppose that the total calcium (or phosphorus) of the blood 
is appreciably altered in rickets (see Pryde, Recent Advances 
in Biochemistry, London, 1928, p. 193). Evidence is, however, 
rapidly accumulating to the contrary. Thus, with rachitic rats 
as experimental animals, a greatly diminished retention of 
calcium in the body is observed, compared with normal rats. 
Likewise the amount of phosphorus retained falls; in fact, the 
balance may become nei^tive, more phosphate being actual)^ 
lost from tlie body than is taken in by the growing animal in 
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the food (Yoder, J. Biol. Chetn., 74, 1927, p. 329). Indeed in a 
paper just published Shohl and Bennett {Joum. Biol. Chem., 
Wk 1928, p. 633) claim that measurements of calcium and 
phosphorus retention are preferable even to bone analyses for 
a quantitative measurement of rickets. Their conclusions are 
based on work with dogs as well as rats.* 

Pediatricians no less, like Parsons in this country and Holt 
in America, have investigated the failure of the infant to 
assimilate calcium or phosphorus in cases of rickets and 
marasmus. 

The final stage in our present analysis must be to inquire 
the causes for this faulty retention of phosphate and calcium. 
Thwe is strong evidence as the result of recent work to suggest 
that it is due to faulty absorption into the blood-stream from 
the gut, and that this in turn is related to intestinal reaction— 
i.e., the pn of the contents. Further than this one cannot go 
in the present state of our knowledge. 

The Acidity of the Cut as a Limiting Factor 

Zucker and Matzner discovered in 1923 that the fceces of 
rats became alkaline when the diet was rachitogenetic ; that 
normal rats had acid faeces ; and that as soon as rickets was 
cured or prevented, as, e.g., by the addition of vitamin D, the 
faeces were again acid {Proc. Soc. Exp. Biol. Med., 21, 1923, 
p. 186). This was followed by the observation that the same 
type of changes occurred in the contents of the intestine of the 
rat. These important conclusions have been abundantly con¬ 
firmed (jepheott and Bacharach, Biochem. J., 20, 1926, p. 1350 ; 
Redman, Willimott and Wokes, ibid., 21, 1927, p. 589; Yoder, 
J. Biol. Chem., 74, 1927, p. 321). Strangely enough little atten¬ 
tion has been attracted to such work in this country, and not 
more than three or four papers have appeared here having any 
direct bearing upon it. 

Grayzel and Miller {J. Biol. Chem., 78, 1928, p. 423) have 
just shown that in dogs there is the same transformation, the 
contents of the whole length of the intestine becoming more 
alkaline in experimental rickets, and reverting to the more acid, 
normal reaction when a cure is instituted by cod-liver oil 
(vitamin D) or by ultra-violet light. The same result has 
neen obtained with the guinea-pig by other workers. The 
rapidity vnth which the reaction of the intestinal contents is 
altered by means of ultra-violet light is remarkable. 

In the current issue of the Biochemical Journal (vol. 22,1928, 

' la ibo rat there is a second factor in addition to lack of vitamin D 
(or nttra-violet light, its generator) which is causative of experimental rickets 
—via. a diet 111-balmo^ in its calcium and phosphorus content. 
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p. 6 i) Jephcott and Bacharach go so far as to utilise the pheno¬ 
menon for the quantitative estimation of vitamin D, on the 
basis that the lowering of faecal pn of rats is a function of the 
amount of vitamin D administered. 

On the other hand, Redman (same Journal, p. 15) fails to 
find any definite correlation between the pn value of the faet^ 
of rachitic patients and the severity of the rickets. This dis¬ 
appointing result appears to be contrary to that reached by 
Flemini {La Pediatria, 84, 1926, p. 625). His experimental 
method was the determination of the quantity of soda or sul¬ 
phuric acid necessary to neutralise faeces ; he concluded that 
the administration of vitamin D to infants receiving calcium 
lactate did transform the intestinal contents from alkaline to 
acid. He also claims that the blood was in all cases rendered 
more alkaline by this treatment. 

The reality of the connection between the degree of acidity 
of the intestinal contents and the amount of absorption through 
the wall of the gut is attested along a number of independent 
lines of inquiry. 

Nature of the Mechanism by which pa controls Absorption 

(i) Decreasing alkalinity is known to increase the solubility 
of calcium, and it must obviously affect also the solubility of 
the phosphate and other ions (Holt, J. Biol. Chem., 64, 1927, 
p. 578)- 

(ii) There is direct evidence that this change in solubility 
of the materials in the intestine is in turn reflected in their 
absorption into the blood or ultimate loss {e.g. Irving and 
Ferguson, Proc. Soc. Exp. Biol. Med., 8S, 1925, p. 527). 

(iii) Experimental ingestion of. large excess of acid or 
alkali has been found to affect calcium and phosphate meta¬ 
bolism. Addition of alkali (sodium carbonate) to a " border¬ 
line ’* diet is sufficient to convert it into a rickets-producing 
diet, while addition of a potential acid (ammonium chloride) is 
sufficient to convert the same diet into a non-rickets producing 
one (Zucker et cUia, Proc. Soc. Exp. Biol, and Med., 1922, 
p. 20). The addition of hydrochloric acid to the diet of rickety 
children has a definite curative effect. 

(iv) Similarly the ratio of amounts of mutually precipi¬ 
tating substances, calcium and phosphate (or fatty acid), in 
the diet has been shown to affect their utilisation in the 
body. 

Any attempt to proceed further and indicate by what means 
a mere trace of vitamin D in the diet is able to mate the nl ka j i n e 
gut acid is little better—in to-day’s lack of knowle(%e—than 
pure conjecture. 



NUTRITION 73 

fiossibU Modes in which Vitamin D may Regulate the Intestinal 

Reaction 

In the first place it may be noted that the recent paper by 
Grayzel and Miller referred to above—^where incidentally, as in 
Yoder's paper, a useful bibliography may be found—reports 
that the in vitro digestion of (i) anti-rachitogenetic and 
(ii) rachitogenetic diets yields a product of the same pn in both 
cases. Further, any variation of the normal (non-rachito- 
genetic) diet within ordinary limits, while having naturally 
some slight effect on the intestinal reaction in dogs, did not 
bring it into the abnormal alkaline zone characteristic of a 
rachitogenetic regime. 

Various speculations might be ventured of possible altema* 
live mechanisms. The first three below are due to the last- 
named authors : 

(a) There may be some change in the pa of the gastric or 
intestinal secretions (peptic and pancreatic juices). 

(b) There may be some change in acid or base absorption 
by the gut, governed—like (a)—either (i) by nerve control, 
or (2) by direct action of some substance on the epithelial 
cells themselves. 

(c) There may be some change in the acidic or basic excretion 
Into the gut, involving systemic conditions, since the intestinal 
tract appears to be involved in the maintenance of the acid- 
base equilibrium of the body. 

(rf) In the present writer's view the r61e of vitamin D 
should be considered in relation to the properties of the emul¬ 
sifying agents at a colloidal interface, affecting the stability of 
the emulsion, and in turn the stability of the phasic system, 
the solubility of the components, and hence the acid-base mass 
law equilibrium. We have to realise that the liquid phase with 
which we are dealing is a massively buffered system, so that the 
considerable changes in its acid-base equilibrium brought about 
by infimtesimal quantities of reagent can only be effected by 
pol3rphasic means. 

Any tmptation to take an unduly simplified view or to seek 
too one-sided an explanation may be checked when it is realised 
that we are dealing with a complex series of interrelated pheno¬ 
mena, in which are involved the influences of other factors so 
diverse firom our earlier discussion as, for example, the thyroid 
seoN^on (Hammett, /. J3to/. Chem., 72,1927, pp. 505,527, etc.), 
or even, it is claimed, the gonads (Mirvish and Bosman, Q.J. of 
ExpL Physiol., U, 1927, p. to). Nor have we emphasised the 
many-sided nature of the mechanism regulating the acid-base 
equmbrium of the body, nor alluded to the effects of caldum 
upon tilie permeability and iiritability of muscle and nerve cells. 
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To sum up, we may say that there is considerable evidence 
for the idea that “ the primary defect in rickets which is cor¬ 
rected under ultra-violet treatment ” and by the other curative 
agents “ may be the absorption of phosphate (or calcium, or 
both) from the gut, with the hydrogen-ion concentration as a 
limiting factor.” Graphically, 

Vitamin D -► increased acidity in gut increased 
solubility of phosphate increased absorption into blood¬ 
stream -> increased deposition on bone. 

The path of the first arrow is completely obscure. 
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ULTRASONICS 

By PROF. R. W. BOYLE 

VwUmtUff of Altortat Canada 

Waves of the same type as waves of sound, but at pitches too 
high for audibility, are ultrasonic. Just as physicists, since 
Ritter's discovery of ultra-violet light in i8oi, have had the 
interest to investigate a span of light-waves beyond the visible, 
so they now may investigate an easily producible range of 
sound-waves beyond the audible. The frequency at the thres¬ 
hold of audibility, at this higher end of the scale, is about 
20,000 vibrations per second; above this the frequencies for 
human ears are ultrasonic. 

From long ago a few experiments, mostly qualitative, on 
high-pitch longitudinal waves have been performed at spasmodic 
intervals. The sources of such vibrations were unable to 
supply acoustic energy in appreciable amounts ; but they were 
useful in a few types of laboratory demonstration to exemplify 
the principles of wave physics. Among such sources may be 
mentioned high-pitched short pii>es, Galton’s whistle, short 
metal rods vibrating longitudinally or transversely when hit, 
high-pitched tuning-forks, bird-calls, electric arcs. 

This article cannot include accounts of the few older types 
of work ; it confines itself to newer methods devised in recent 
years, and at that must be limited to the principle of production 
and properties of the waves, rather than to their engineering 
and other {e.g. naval and navigational) application. 

The broad physical principle involved in the modern pro¬ 
duction of ultrasonic beams is that of Diffraction. The late 
Lord Rayleigh [i], without foreseeing ultimate developments, 
was the first to associate diffraction principles with the produc¬ 
tion of high pitch-sound. 

The development of modern practice in ultrasonics virtually 
began in 1912, just after the disaster to the famous Atlantic 
steamship TiUmic by collision with an iceberg. Not long after 
this event a proposal to employ the echoes of high-pitched 
Itooustic waves lor preventing such disasters was put forward 

75 
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by Le^ivis Richardson [a]. Although the devices then suggested 
would not have accomplished their purposes in any practical 
sense, Richardson's specifications clearly outlined the essential 
features of under-water detection and location, by ultrasonic 
“ beams,” of submerged objects, like rocks, wrecks, mines, 
submarines, and also of secret, directive, under-water signalling. 
All the results which Rayleigh, and, later, Richardson, foresaw 
and predicted from optical analogies and acoustic theoi^, to* 
day have been accomplished by experiment, and in addition a 
mass of information unforeseen by anyone has been acquired. 

Ultrasonic Beams 

The greater the frequency of a system of waves in any 
medium the shorter will be the wave-length, for frequency and 
wave-length are related by the simple product V — «A, V being 
velocity, A being wave-length, and n being frequency. The 
velocity of longitudinal elastic disturbance (sound-waves) In 
water is about i,Soo metres per sec. (I'S x lo* cm. per sec.), so 
that at a frequency of 50,000 cr>/sec. the wave-length is about 
3 cm. In air the velocity is 0*34 x lo* cm. per sec., the wave¬ 
length at the same frequency would be about 7 mm. Contrast 
these lengths of wave with those at ordinary frequencies. A 
note of, say, frequency 500 %r*/sec. would have a wave-length 
in water of 300 cm. or nearly 10 ft., and in air 68 cm. or over 
3 ft. It can be grasped immediately that it is hardly practic¬ 
able to design sound transmitters and receivers, for ordinary 
frequencies, and keep their linear dimensions of about the same 
len^h or larger than a wave-length. Yet this is an important 
condition in any system of sound radiation, for on it depends 
the directivity of the radiated beam. 

The theoretical case is somewhat (but not quite) similar 
to the older one of Optics. When plane waves of monochromatic 
(one wave-length) light pass through a tiny circular opening In 
an opaque screen, the Ught disturbances in the aperture will 
result in the production beyond the screen of approximately 
conical, co-axial, zones of alternate maximum and minim mn 
intensity around a central axis. When the impinging wave- 
fronts are parallel to the plane of the aperture, the central ft-*!* 
of the diffracted ” beam ” will be at right angles to the ^ertufe 
through its centre. The ideal criteria by which these dif^ction 
effects may be achieved are: (1) that the diameter of the 
aperture or source should be large in comparison with a wave¬ 
length, and (a) that all points in the plane of the aperture or 
source should vibrate with the same amplitude and in the s a m e 
phase. As far as concerns sound the first condition is read% 
fulfilled if we cause any practicable size disc, say up to ao indies 
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diameter, to vibrate longitudinally at such a high pitch that 
the emitted wave-length b short in comparison. Thus fre¬ 
quencies from 30,000 to over 1,000,000 /sec. have come to 
be employed depending on the object required. The second 
condition is almost impossible to achieve practically for reasons 
which will be indicated later, but an approximation will prevail 
if the disc is set vibrating by the methods later described. 

If ultrasonic beams are employed in sea-water, calculations, 
now supported by experiment, show that the surfaces of sub¬ 
merged rocks and reefs, and the hulls of mines, submarines, 
and surface ships, act as nearly perfect reflectors, and in 
consequence their proximity may be disclosed by the " echo " 
produced by their reflections of the waves. The proximity of 
icebergs, shores, submerged wrecks, under certain conditions 
may be detected in the same way. The distance of the reflecting 
obstacle from the transmitting source may be estimated from 
the interval of time it takes for the signal to go and the echo to 
return. Thus the beam may be made a means to disclose the 
distance and bearing of a submerged object from the emitting 
source. 

Also the beam may be employed as a device for under-water 
signalling, and such a system has the advantage of being secret 
and directive. Within the range of transmission a submarine 
suitably equipped could telegraph while submerged to another 
equipped submarine or surface ship, thus rendering it unneces- 
Si^ to come to the surface as would be the case to send a 
wireless message. It is possible also to telephone under water 
along the beam, by using the ultrasonic waves as carrier and 
modulating them through a microphone by the fluctuations of 
the voice in precisely the same way as electro-magnetic waves 
are modulated in radio-telephony. 

All these phenomena have been realised in practice. The 
basic ideas contained in Richardson’s original specifications 
were revived in 1914 by M. Chilowski, and in a short time were 
brought to the notice of Prof. Paul Langevin of Paris, with 
the result that in 1915 Langevin and Chilowski began experi¬ 
mental work. In 1916 Langevin and his assistants succeeded 
in producing the vibrations in the water of a laboratory tank 
and later in the water of the Seine. In a series of brilliant 
experiments [3] they obtained a range of under-water signalling 
of tibree kilometres, and a detectable " echo ” by reflection 
from a large iron plate at a distance of 100 metres. The fre¬ 
quency employed was about 100,000 ur/sec., a special carbon 
microphone being used for reception. The method was an 
electnc one, the ultrasonic generator consisting of an electric 
condensor with a very thin mica sheet as dielectric inserted 
hetweea an insulated steel plate and the water. A vacuum 
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was necessarv between the plate and mica. Electric oscillating 
voltage of the required high frequency was imposed on the 
condenser, and the periodic compressional stresses thus set up 
by the oscillating electric field produced longitudinal vibrations 
which were communicated to the water. Reception was accom¬ 
plished by the microphone connected to a “ tuned ” receiving 
circuit of inductance and capacity as in the methods of wireless 
telegraphy. In addition it was necessary to magnify greatly 
the received effects by using an electron valve-amplifier of high 
power, which instruments were just then coming into service. 
In this way the modern aspects of ultrasonic research took shape, 
and it is proper to remark that to Langevin more than any other 
are the subsequent successes in this subject due. The writer 
enjoyed the privilege of attending and assisting at some of his 
experiments. The subject expanded in France and England, 
and later in America. English workers, among whom may be 
mentioned Messrs. Rawlinson, B. C. Smith, Anderson, G. 
Stephenson (deceased), Hunter, Bacon, Pew, Nightingale, Lunt, 
Trigle, and in later years others, have pushed forward theoretical 
and practical researches with great skill and vigour ; it is 
unfortunate that as yet their results have not appeared in print. 
Were this article to be concerned with the applications and 
engineering rather than with the physics of ultrasonics, it would 
not be at all complete without including a full account of the 
great services rendered by the group just mentioned. 

Ultrasonic Generators 

Many methods have been tried to produce a satisfactory 
ultrasonic generator, that is, one capable of emitting significant 
amounts of energy and at the same time be amenable to adjust¬ 
ment and control. Basic principles of mechanical impact, 
electrostatics, electrodynamics, magnetostriction, electro- 
striction, have all been invoked ; but not much more than a 
laboratory device was obtained until the principle of the piezo¬ 
electricity of quartz was hit upon. The idea arose in France 
and England at about the same time, and Langevin on tiying 
a piece of quartz instead of a carbon microphone as an ultra¬ 
sonic receiver found it to answer well when coupled with a 
receiving amplifier of high power. Immediately quartz trans¬ 
mitters were found to work, and from the useful properties of 
piezo*«lectricity it follows that the same instrument may be used 
as receiver ana transmitter. 

To-day there exist various types of ultrasonic generators 
large and small, weak and strong, answering to different im¬ 
poses. Mention may be made of the small metal bar, held at 
the centre and vibrating longitudinally when struck on ^e end 
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by a hammer [4] ; the electrostatic transmitter of Wente [5] ; 
the electro-dynamic oscillator of Hewlitt [6]; and the air-jet 
oscillator of Hartmann [7]. All these and other types of small 
generator are no more than laboratory devices. The type of 
generator still in commonest use in laboratory work and appli¬ 
cation is that based on the principles of piezo-electricity of 
quartz. Eventually quartz may be superseded, for its use 
under water involves certain difficulties, and it can be ob¬ 
tained in sufficient purity mechanical and electrical only by 
accompanying expensive waste. It is desirable to be able to 
construct, out of ordinary materials and without depending 
on the use of a naturally occurring and defective crystal, a 
practical oscillator of sufficient power. For adequate energy 
emission at frequencies above 20,000 vibrations per second, the 
quartz oscillator is best; but if the service it has thus far 
rendered may be performed at high sonic instead of ultrasonic 
frequencies, say 10,000 to 15,000 «y^/sec., the electro-magnetic 
oscillator may come into its own. Such devices become more 
difficult to construct and maintain, and the radiation from them 
becomes weaker and less controllable, as the frequency of 
vibration is advanced. 

Piezo-Electricity [8] 

All expositions of piezo-electricity beyond the following 
short statement must be omitted from this article, for lack of 
space. A crystal displaying the phenomenon when subjected 
to pressure along a certain axis (the " electric axis ”), develops 
op^site electrifications at its ends. On being subjected to equal 
tension the same quantity of electricity is liberated but the 
polarity is reversed. This is the underlying principle of ultra¬ 
sonic receivers. Reversibly, if a quantity of electricity is 
applied to the faces of a plate of the cr5rstal, cut perpendicularly 
to the electric axis, thereby establishing a difference of potential, 
there will be a dilation of the plate in the direction of the 
axis ; if the electric field is reversed there will be equal con¬ 
traction in the same direction. This is the principle of ultrasonic 
generators. 

Taking all factors into consideration quartz is the most 
suitable crystal for practical ultrasonic instruments. Its use 
involves certain complications because of the facts that the 
quartz crystal has three electric axes, at 60° to one another, 
and there are two perpendicular mechanical vibrations produced 
by an alternating electric field applied along any one. Harrison 
C9I has shown that four sets of vibrations result from an 
alternating field on a quartz plate appropriately cut. In 
ultrasonic instruments the plates are cut pnpendicularly to 
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an electric axis, and conditions of use are so arrai^ that 
Serration more particularly required is made dominant. 

Construction of Transmitters and Receivers 

Quartz crystals for use are f “"I 

cut from them carefully tested; .„11 y layers of 

than a chosen quality are cut away. Thus generally layers oi 
active quartz consist of mosaics, the constituent pieces bemg 
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either of irregular shape or of standard regular pieces him 
Jlctaneles or^squares. Fig. i represents a quartz m^ic 
Oo fSes diameter), with comparative numbers on it to indi- 
its variflttion of piezo-clcctnc quality.^ ^ 

The instruments used for both transmission 
are made alike and the same instrument may be used for ^th 
are made -„neral a transmitter or receiver consists of an 

S2Kc* condeMer, in which a quartz mosaic is the diel^t^ 
nlatfis the electrodes. The quartz layers should he 

vai^ pressures must be transmitted across the interfaces 
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between the quartz and metal, the closer the plates are pressed 
and cemented together the more energy dissipation is avoided. 
Hence polishing the plates, binding them together with good 
insulating cement, exclusion of air bubbles, and application of 
static pressure to bind the whole together in firm contact, all 
' help towards copious energy emission. 

The condenser may consist of a single metal plate with the 
quartz layer between it and a thin metal protecting plate in 
contact with the propagating medium. When the instrument 
is small a thin sheet of mica may serve for protection. Or, 
the condenser may consist of two similar metal plates with 
the quartz between them ; this was the type first introduced 
by Langevin to increase the energy emission. Or, it may 
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consist of a pile of quartz and metal plates interleaved and 
alternately connected as in a “ pile of plates ” condenser; the 
quartz plates in this case are situated at the nodes of vibrational 
displacement. In all cases the condenser is enclosed in a metal 
case fitted with an insulated cable connected to one electrode, 
and the case and other electrode generally are earthed. All 
empty spaces inside the case are filled with insulating mixture 
Fig. 2, rlate I, is a photograph of four laboratory transmitters, 
the largest of which has a radiating face of lo-inch diameter, 
the smallest 1*5 inch. 

The piezo>electric condenser, when excited by an oscillating 
voltage, constitutes a mechanical vibrating system of appreciable 
thiclmess, possessing a fundamental resonant frequenc3r of 
iongiindiml vibration and many overtones. The most copious 
energy emission occurs at the fundamental resonant frequency. 
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but the emission has other maxima at the frequencies of over¬ 
tones. At frequencies away from resonance the energy 
emission is relatively low. Curve i, Fig. 3, indicates the energy 
emission at varying frequency in a certain case of a single plate 
transmitter, Curve 2 from a double plate. (These cases are not 
comparable.) 

In the single-plate instrument, if the quartz layer is thin in 
comparison with the thickness of the metal plate, fundamental 
resonance occurs when the metal plate is a quarter wave-length 
thick, and at this frequency there is greatest radiation of energy. 
In the double-plate instrument the resonant frequency occurs 
when the plates are each a quarter wave-length, the total 
thickness being then a half wave-length. In any ultrasonic 
condenser the internal vibrating system is complicated. Un¬ 
doubtedly there are internal nodal regions caused by internal 
multiple reflections and interferences, and there is loss of energy 
through the sides by transverse and other vibrations. 

Researches 

Detection of Ultrasonic Beam 

When an ultrasonic generator is immersed in a propagating 
medium, for example water, and excited by electric voltages 
of the required high frequency, ultrasonic energy is radiated 
into the medium mostly in the form of a " beam ” concentrated 
around the central axis. Various methods have been devised 
to detect and follow the course of this radiation, but those 
most useful are based on the phenomenon of radiation pressure. 
The Rayleigh disc, depending on another phenomenon [10], has 
been used by the writer in both air and water ; but for con¬ 
venience in quantitative measurements a torsion pendulum 
operated by the radiation pressure of the waves is preferable. 

Maxwell was the first to deduce that light radiation exerted 
a forward pressure on objects on which the light shone. Ray¬ 
leigh [ii] and also Larmor [12] deduced that the same pheno¬ 
menon must exist in the case of sound, and Altberg [13] first 
applied it when he measured by radiation pressure the absolute 
intensity of the sound radiated from the end of a Kundt's tube. 
With ultrasonics it is easier to demonstrate the existence of the 
pressure, and recourse may be had to this phenomenon for 
either comparative or absolute exact measurements. If pieces 
of cork or hollow celluloid balls are suspended like inverted 
pendula in front of an ultrasonic generator of moderate power 
in a tank of water, on driving the generator these light bodies 
will be deflected from the generator and tend forward in the 
direction of the beam [14]. A stream of air bubbles released 
in the beam will be deflected from its vertical path and sent in 
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the direction of projection of the beam. In magnitude the 
radiation pressure upon a perfectly reflecting object is equal 
to twice the energy density in the incident waves, while upon a 
perfect absorber the pressure is equal to the energy density 
alone. 


Visualisation of the Beam 

A helpful visualisation of the formation of an ultrasonic 
“ beam," and the manner in which its energy is distributed in 
various zones, is obtained by a " dust figure " method used by 
the writer and assistants [15]. If small, light, dust particles 
are sprinkled in front of a generator in water, the radiating 
face of the generator being vertical, the particles as they sink 
are driven forward by the pressure of the radiation. The 
particles should, of course, be of specific gravity greater than 
the water, preferably just greater, and of small enough size 
to sink slowly. As the sinking particles are driven forward a 
majority of them will be jostled from the regions of maximum 
to the regions of minimum energy intensities. If a flat table 
or tray be held to catch these particles at a level just below 
the centre of the generator, they settle on the tray in definite 
lines, which are the traces of the surfaces of minimum intensity 
on the plane of the tray. In other words, the particles mark 
out the traces of the interference nodal surfaces of the complex 
energy field on this plane. After the experiment the water can 
be drained from the tank leaving the dust figures exposed on 
the tray, and photographs of them may be taken. This 
method, though qualitative only, helps to envisage what takes 
place in an ultrasonic field close to a generator, and indicates 
also the presence of the " side-beams,” or outer zones of energy. 
It also assists in a clear visualisation of the manner in which the 
main, central beam is formed, indicating at the same time the 
position of maximum and minimum points of energy intensity 
along the central axis. In spite of the fact that the dimensions 
of the dust particle employed may be small in comparison with 
the wave-length, this experiment can be carried out quite 
successfully. As the length of wave increases the size of 
particles employed should also be increased, provided they are 
not too large for slow sinking through the water ; if the particle 
is too small the wave diffracts around it and the radiation pres¬ 
sure on it becomes less effective. (Of the different kinds of 
particles yet employed the most satisfactory have been the dust 
of burned and washed coal cinders, which will just sift through 
sieves of 60 and 70 meshes to the inch.) 

Figs. 4 and 5, Plate I, illustrate two dust figure representa¬ 
tions of an ultrasonic " beam." Both were produced from the 
same generator, the diameter of radiating face being 15*3 cm. 
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In the first fiigure the operating frequency was 129,000 c/^/sec.; 

in the second 178,000 tr)/sec. In the first case the ratio ^ was 

0-076, and in the second 0*055 J it is on this important ratio 
that the form of the figure largely depends. 

The photographs show that in the case of the lower fre¬ 
quency the main beam is wider than in the second case where 
the frequency is higher. They show also that the main beam 
virtually begins at some distance from the generator. Also it 
can be noticed that the nodal surfaces in the water reach up 
to the emitting face. Since the generator itself has appreciable 
thickness there can be no doubt that complicated nodal regions 
exist inside it, the position and form of the surfaces depending 
on the dimensions and the frequency of vibration. We see 
that the generation of ultrasonic beams is much more compli¬ 
cated for mathematical solution than the ideally simple analogy 
of a pin-hole “ aperture " in optics. 

In the above experiments the reflections of the waves from 
the tray which catches the dust figures interferes to some 
extent with the primary beam from the generator, but not 
enough to spoil a good representation of the beam formation. 

Audibility Method of Tracing the Beam 

This method, at times very convenient for quick qualitative 
work, is also based on radiation pressure and makes use of a 
simple mechanical listening device [16]. A small thin-walled 
rubber teat, or better still a small capsule with very thin 
sides of mica, attached to the ear-tubes of a good stethoscope, 
is quite adequate. Ultrasonic waves themselves are inaudible, 
but the position and path of an ultrasonic beam in a liquid may 
be detected and followed by this device if the waves are emitted 
of sufficient strength in pulsations constituting a “ tonic- 
train.” When the primary source of electrical potential on 
the generating circuits is not continuous, but alternating, the 
intensity of ultrasonic waves emitted will pulsate, the pubations 
forming a tonic-train of pitch equal to twice the pitch of the 
alternating source. On placing the capsule of the Ibtening 
device in the ultrasonic beam each pulse of radiation will 
distort it, and produce in the attached tube a note of the same 
pitch as the tonic-train. In an ultrasonic ener^ field excited 
by continuous electrical potential no sound could be produced 
in any mechanical listener. 

Torsion Pendulum Method of Measurement 

The torsion pendulum consists of a small reflecting vane 
of metal, or other material, suspended from a torsion hikd by 
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a fine metal or quartz strip or fibre. The radiation pressure 
of ultrasound impinging on this vane causes a torsional deflec¬ 
tion, which may be measured by twisting the suspension until 
the vane returns to zero position, the angle of twist being read 
on the torsion head. Fig. 6 shows various pendiila that have 
been employed by the writer. The method of mounting and 
use of these pendula have been described [15] (p. 179). With 
these devices both comparative and absolute values of ultra- 
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sonic energy have been determined, and energy surve)rs of 
beams and of their reflections have been conducted. Work 
of this kind, when the waves are propagated in water, must be 
ouried out in a large tank, and care must be taken that reflec¬ 
tions from the water surface, sides, bottom, and ends of the 
tank will not introduce serious errors in the results. Fig. 7, 
Plate I, is a photograph of apparatus and a tank used by the 
writer. The tank is made of wood, 15 ft. x 5 ft. x 3J ft., 
fitted with a side-bay, 5 ft. x 5 ft. x 3^ ft., for experiments 
on r^ection. In order to avoid errors in measurements, 
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caused by reflections from the ends of the tank, dissipating 
screens of wood are set in at the ends at an angle of 45** to 
the wall. The spaces between these screens serve to trap the 
energy arriving there and dissipate it by multiple reflections [i 5]. 


Form of Beam 


Investigation of the form of beam emitted from many 
oscillators shows that their energy distribution can only afmroxi- 
roately be predetermined from any optical formula, in the 
case of the diffraction of plane waves of monochromatic light 
through a circular pin<hole, in order to avoid mathematical 
difficulties, the solution is always limited to finding the energy 
intensities at distances a large number of wave-lengths from the 
aperture. In this case the relative energy intensities are given 
by [17] 


I 



m* _, 

3(l2)‘ 4(l3)* 



where 1 is the intensity at a distant point whose angular 
divergence from the central axb is a, A is the wave-length, and 
ttR 

m <» sin o. The value of the bracketed expression becomes 

alternately positive and negative, and therefore must pass 
through zero values. Calling 0 the divergence of the beam 
(angle between the central axis and the boundary of zero 

intensity), sin 

Experimentally the more closely practical conditions can 
be made to approximate to ideal standards the more cloitely 
will the experimental curves of energy distribution approximate 
to those deduced from optical formulae ; but one encounters 
many instances of ultrasonic generators radiating well-defined 
beams in air or water not definable by optical analogy. All 
beams, however, show a narrowing of the angle of the beam 
with diminution of the emitted wave-length and increase of 
the radiating diameter. Fig. 8 shows the results of an investi¬ 
gation in which special care w^ taken to make conditions as 
ideal as {possible. The transmitter was a single-plate instru¬ 
ment, radiating directly into the water from a clearly outlined 
circular face, 15*3 cm. in diameter. It was driven at its 
resonant frequency cff 131,500 cycles per second (A in water - 
1*14 cm.). The resonant vibration of the steel plate of the 
generator no doubt smoothened out some of the irregularities 
due to varjring piezo-electric quality of the active quartz, and 
provided greater uniformity of vibration over the emittmg 
face. Pendulum measurements were taken in a horizoBtu 
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pl«ne across the beam, at right angles to the central axis, and 
about 70 wave-lengths from the transmitter. In this case the 
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Energy Distribution near the Source 

Here obliquity counts. Except for points on the axis in 
the analogous optical problem of the pinhole this problem has 
never been tackled mathematically. Lommel [18] gave some 
attration to the reverse problem of the optical shadow cast by 
a circular disc. Experimentally in optics the problem cannot 
be solved, ior it is impossible to place observing instruments 
0 fern wmve-imgths of l^ht, or a fraction of a wave-len^h, 
firom a pin-hole. With ultrasonics an experimental investiga- 
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tion is possible* stud has beat carried out {15] (pp. i8|~9) 
by Boyle and Reid. Summarising such experimeneu investi* 
gations for ultrasonics, it is sufficient here to remark that the 
energy distributions depend on individual oscillators, and even 
in the best of conditions cannot be said to agree with deductions 
from any optical formula. 

Interferences of Wave-trains 

These can be illustrated very well by the dust figure method 
already described. Two transmitters m a water tank face 
nearly in the same direction, their beams being projected 
horizontally. By connecting them in parallel to the same 
oscillating electric circuit they are made to radiate waves of 
the same length. In Figs. 9 and 10, Plate II, are represented 
two cases where, though the generators were not of the same 
size, the emitted energies were of about the same magnitude. 
The imposed high-frequency voltage was 2,500 volts and the 
frequency was 96,000 (A — i-s cms.). In the first case the 
angle between the two radiating faces was 175°, and in the 
second 120°. On allowing the beams to interfere the figures 
shown in the photographs were obtained [19]. On setting the 
transmitters face to face in the tank (60 cms. apart in this 
particular experiment) the figures of regular stationary waves 
were obtained, as shown in Fig. ii, Plate II. 

Audible Beats from Inaudible Sources 

Two vibrations of any kind, of frequencies n and tij, when 
excited together, may produce a whole series of difference and 
summation tones, though generally it is only the difference 
tone (« — »*i) or “ beat ” which can be detected easily. The 
phenomenon is often demonstrated with sounds of ordinary 
pitch, and nowadays it is commonly applied in the ” Hetm>- 
dyning” of radio-telegraphy. The phenomenon may easily 
be reansed with ultrasonic waves, and audible beats have been 
obtained from two inaudible sources [16]. Two generattui, 
excited from separate electrical sources, are placed facing one 
another in a water-tank. The circuits are adjustable so that 
the radiated frequencies of each may be varied within a ra^, 
say from 30,000 to 150,000 vibrations per second. Audible 
beats, the pitch of which may be varied by altering the frequency 
difference (through a range from o to about 20,000 uo/sec.) 
between the two primaiy tones, are easily detected by means of 
the listening device afread'y described. As the detector is 
moved along the axis of the interfering beams, positions of 
maximum and minimum intensity of beat note may be per¬ 
ceived, thus indicating the posribitity of the formation df 
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ttalionaiy waves. When the pitches of the primary trains are 
brought to the same value regular stationary waves result. 
This method of producing and detecting stationary waves was 
first used by Boyle, Lehmann and Morgan [20] to measure the 
velocity of ultrasound in liquids. 


Reflections of Wave Trains 

Reflections occur readily and most materials are good 
reflectors. The photographic method by dust figures may be 
employed to help visudise what is involved in the phenomenon 
of reflection, in which case it b necessary to place the reflector 
fairly close to the source so that the strengths of incident and 
reflected radiations may be sufficient to distinguish clearly the 
tracks of maximum and minimum intensities. The generator 
radiates weaker outer zones of energy as well as a main central 
beam ; hence dust-figure representations of these outer zones 
and their effects, as well as that of the central beam, may be 
observed in the photographs [15]. Figs. 12 and 13, Plate II, 
illustrate two cases of reflection m water, the reflector being a 
thick steel plate, placed in a vertical plane 60 cm. from the 
transmitter, and the frequency being 173,000 cycles per second 
(A » 0-87 cm.). The photographs bring out some interesting 

E oints. In both, the reflections of the main beam are disclosed 
y a light streak in the photographs. It can be seen that the 
central axis of the main beam and that of its reflected portion 
make equal angles with the normal, or ” the angles of incidence 
and reflection are equal.” The representations of several sets 
of stationary waves are also in view. In the first photograph 
those next the reflector are due to the interference of a portion 
of the main beam with its own reflection ; here the nodal lines 
are parallel to the reflector. The sets of stationaries farther 
away are due to the interference of the direct ” side-beams ” 
with the reflected portion of the main beam ; here the nodal 
lines are inclined at an angle to the reflector and as the distance 
the reflector increases the angle between successive nodal 
lines opens out. This is all in accord with ordinary interference 
theory. The second photograph was taken when the ” side- 
beains,” which otherwise would interfere with the reflected 

E Ortion of the central beam, were cut off near the transmitter 
y placing in their path an obstructing screen. The station¬ 
aries now formed by the incident main beam and its reflected 
portion are clearly shown near and parallel to the reflector. 
(Such experiments in ultra-sound are analogous to the Lloyd's 
mirror and 'Wiener's experiments in optics.) 

Since the field near the reflector is filled with interference 
surfaces it follows that any quantitative survey of the energy 
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distribution in any plane across the reflected beam will show 
evidence of maxima and minima; in other words, reflection 
curves will be jagged and not very smooth. This is what 
quantitative investigations by the torsion pendulum disclosed 
[ 153 . (P. 193 ). 

Reflection from ice is an important practical problem, and 
from experiments carried out by the writer and G. B. Taylor 
[21] ice seems to be a somewhat better reflector than would 
be indicated by calculations based on older quoted physical 
constants. 

Measurement of Velocity and the Relation of Velocity 
to Frequency 

The easiest method of measuring velocities is by stationary 
waves. By reflecting the waves emitted from a transmitter, 
either in a vertical or horizontal liquid column, Boyle, Morgan, 
and Lehmann [16], [20], were able to measure the velocities of 
ultrasound, and consequent adiabatic compressibilities, in 
certain liquids at various frequencies and temperatures. The 
changes of velocity with change of temperature in water and 
in sodium chloride solutions were also determined. In this 
work either the listening tube detector or dust figures were 
used to mark the nodal planes by which the half wave-ler^hs 
were measured. Both methods are possible, but the one by 
dust figures was considered to be more certain and reliable, 
since it is possible to view the figures and examine visually 
whether or not the nodes are perfectly uniform and regular. 

There are theoretical reasons for expectii^ that in uncon* 
fined bodies of liquid there will be no significant change of 
velocity with change of frequency. Boyle and Taylor [21], [22] 
have shown this to be the case for water and castor-oil—over 
a range of frequency from 29,000 to 600,000 cycles per sec. 
Fig. 14, Plate II, is a photograph of dust-figure statimiary 
waves representations in water, at a frequency as high as 
570,000 cr/sec. 

Velocities in gases have been determined by Pierce [23], 
who made refined measurements in air and in carbon dioxide 
by the method of stationary waves. Oscillators of only smaU 
size and power were employed, the emitted waves being made 
to strike a reflector fairly close to the source. The position 
of the reflector could be adjusted delicately by a micrometer 
screw. By connecting the oscillator electrically to the grid 
and plate of the generating electron tube the oscillator itself 
could be made to act as detector of the nodal planes. For 
when the reflector was moved tlwough a node by means of 
the micrometer screw it registered the nodal position catn^ 
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an electrical reaction on the grid of the generating tube, which 

? reduced a throw of a microammeter needle in the plate circuit. 

'ierce’s observations, conducted mostly at very high frequency, 
showed very small though peculiar variations of velocity of 
ultrasound with frequency in the cases of air and carbon 
dioxide. An unexpected result with the latter gas was the 
large absorptive power it seems to have for very high pitch 
ultrasonic waves. 

The high absorption in carbon dioxide has recently been 
confirmed by Abello [24], who found also that hydrogen is 
strongly absorptive. 

In much the same manner as in Pierce’s experiment for 
gases Hubbard and Loomis [25] recently measured ultrasonic 
velocities in small samples of liquids. The passage of the 
movable reflector through a nodal plane was indicated by a 
reaction on the circuit, the extinction of a neon tube loosely 
coupled to the circuit registering the effect. 

In all reflection experiments in a gas or liquid as above 
a caution should be observed not to depend too much on the 
distances between nodal planes when near the source. Emission 
theory shows this to be a region of very variable intensity 
and phase, and here particularly the nodal figures may be 
irregular. Also when a gas or liquid carrying the waves is 
confined in a small space, care must be taken to ensure that 
the nodal planes actually do correspond to exact half wave¬ 
lengths. In confined spaces the phase velocity may differ 
considerably from the velocity when unconfined, and the nodal 
planes may be irregularly placed. An investigation is being 
carried out at present by Mr. D. K. Froman, of this laboratory, 
to determine the variation of the phase-velocity in liquids con¬ 
tained in tubes, and its dependence on the frequency and 
dimensions of the liquid column. Phase velocity-frequency 
curves in certain cases show similarities with the " selective 
dispersion " curves of optics, and probably for the same reason 
broadly speaking, viz. the absorption of encrjgy at a particular 
frequency by the column or tube, or both, falling into a resonant 
condition with the imposed waves. 

The velocity of ultrasound in solids can be simply measured 
by the impact method described in the report of an investiga¬ 
tion by Lang [4]. From Kundt’s tube measurements of the 
stationary waves in air, produced at the end of a metal rod by 
striking the opposite end with a hammer, Lang showed that 
there was no significant change of velocity with frequency, in 
steel and brass rods, over a rai^e of frequency from 1,200 to 
50,000 cycles per sec. 

But other means of measuring the velocity in solids may 
be devised by utilising the piezo-electric principle. Plates or 
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bars of the solid may be made to constitute either a single 
quarter-wave-plate or half-wave-plate oscillator, of which the 
period of fundamental resonance may be determined^ by any 
appropriate device like the torsion pendulum, Rayleigh disc, 
or listening tube. From the thickness of the plates and the 
frequency of exact resonance the velocity in the plate may be 
deduced. An effective and quick method of determining the 
frequencies of resonance of such an oscillator is to allow it to 
react on the generating electrical circuit in something of the 
same manner as in Cady's [26] or Pierce's [23] experiment. The 
reaction at the exact frequency of fundamental resonance, or 
of an overtone, may be revealed by the click of a telephone, the 
throw of a micro- or milliameter, or by the glow of a neon 
tube, placed in the plate circuit. In an investigation of this 
kind now being carried out by Mr. D. O. Sproule the velocities 
of ultrasound in a large number of solids are being determined 
and other related points investigated. The method adapts 
itself to the use of small samples of the solid investigated, for 
very small oscillators in the shape of rods and bars may be 
employed. 

The theory of the longitudinal vibration of viscous rods 
at high frequencies has been worked out by Cady [27], who 
applied it in investigating the performances of the small quartz 
oscillators [27] employed in the service of maintaining a con¬ 
stant emitted wave-length from radio transmitting stations. 
Quimby [28] also has used the phenomenon of longitudinal 
vibrations by the piezo-electric method to determine the solid 
viscosity of metallic rods; and Giebe and Schiebe [28a] by 
exciting small oscillators in a vacuum have been able to investi¬ 
gate resonant frequencies by a phenomenon of luminescence 
which appears at resonance only. 

Reflections of Longitudinal Waves and their Transmission 
through Materials 

When ordinary sound-waves pass through a wall or partition 
the latter usually is ve^ thin in comparison with a wave¬ 
length ; ve^ often it b of non-homogeneous material, and often 
it is absorptive. The exact laws of reflection and of transmbsion 
are difficult to investigate with waves of ordinary sound. But 
it is possible to r^ard theoretically the transmission of sound¬ 
waves through a homogeneous partition as a problem analogous 
to the passage of light-waves through a parallel-sided trans¬ 
parent plate. The late Lord Rayleigh [29] treated this problem 
mathematically, and, following hb method, Boyle and Rawlin- 
son [30] have worked out the detaib of contain results applicable 
to ultrasonics. It can be deduced that the ratio (r) of reflected 
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to incident enei^ for plane waves at normal incidence is 
given by 



and the ratio (/) of transmitted to incident energy is given by 



Here p and /9, stand for densities, and v and Vi for velocities 
in the propagating medium and partition respectively. Thick¬ 
ness of partition is d, Aj is the wave-length in its material. 

These relations show that when pv =« Pi Vj, or what amounts 
to the same thing, if pX — PiX^, A being the wave-length in 
the incident medium, r is zero ; or in the words of a convenient 
rule, " when the mass of a wave-length is the same in incident 
and reflecting media the reflection is nil and transmission is 
perfect.” Given a solid and large enough plate of any material 
as reflector, the proportion of energy reflected should depend 
on the thickness of the reflector. It should be possible for a 
thin plate to cut off more energy than a thicker one, or a thick 
plate to let through more energjy than a thinner one. For 

if d above equals n^, where « — o, i, 2, 3, etc., corresponding 

thicknesses of plate will be integral numbers of half wave¬ 
lengths, and the relations show that the reflection will be 

minimum and transmission maximum; if d»(2»-l-i)^ 

corresponding thicknesses will be integral odd numbers of 
quarter wave-lengths, and reflection will be a maximum and 
transmission minimum. There is nothing in the theory to 
prevent its validity at any frequency high or low, but it must 
TO remarked that all considerations of energy dissipation, 
i.e. absorption, within the partition are neglected. 

When the vertical vane of a torsion pendulum is placed 
across the track of an ultrasonic beam the vane itself is a small 
plate reflector of the waves ; in consequence its readings must 
depend on the thickness of the vane and the instrument itself 
may be made to 3rield information concerning the reflection. 
In experiments carried out a few years ago by Boyle and 
Lehmann [31] it was shown, by using ultrasonic waves (fre¬ 
quency 13$,000 cycles per second), travelling in water and 
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striking lead pendula, that the reflection from the lead was a 
maximum and transmission a minimum at a thickness of vane 
about a quarter wave-length ; and reflection was a minimum 
and transmission a maximum at a thickness of half a wave¬ 
length. Other experiments of this kind, in which different 
materials and different frequencies were employed, were carried 
out later by Boyle and Froman [32], with results all similar to 
the former ones. Recently the writer and Mr. D. O. Sproule [33] 
performed a series of direct experiments, in which the energy 
transmitted through a metallic plate, intercepting perpendicu¬ 
larly the path of an ultrasonic beam in water, was measured 
by a torsion pendulum placed in the “ ultrasonic shadow ” behind 
the plate. The frequencies employed were 300,000 and 
528,000 cycles per second. It was quite clear that, at plate 
thicknesses of an odd number of quarter wave-lengths, reflection 
was maximum and transmission minimum, while at thicknesses 
of a small integral number of half wave-lengths the reverse was 
the case and nearly all the incident ener^ got through. 

The theory here outlined is straightforward and analogous 
theories are valid for other and all types of vibratory motion. 
In the case of acoustic waves the half wave-length is the 
thickness requisite for a resonant longitudinal vibration of 
the reflecting partition. We can imagine a partition or plate 
of this thickness picking up the incident energy, setting itself 
in resonant vibration, and handing on the energy to the medium 
on the other side. As a quarter wave-length thickness the 
plate, so far as concerns its own vibration, is most inert, offers 
the most impedance to the impinging waves, and reflects them 
back. 


Ultrasonic Cavitation 

Earliest researchers on ultrasonics in liquids observed the 
interesting phenomenon of ultrasonic cavitation, or the pro¬ 
duction of bubbles and expulsion of gas from the liquid by the 
action of the waves. Some American experimenters made 
observations on the phenomenon in 1918, but these were not 

{ >ublished. Boyle and Lehmann h4] found that in volatile 
iquids bubbling could be produced at lower energy intensities 
than in water or in oil, and^ used the bubbles to indicate the 
positions of ultrasonic stationary waves formed in benzol, 
toluol, zylol, and other liquids. Cavitation in the liquid is 
marked by the continuous formation of bubbles near the ultra¬ 
sonic generator if driven at sufficient power. The bubbles 
may be driven to or foimed at nodal regions of stationary 
waves set up by reflecting the beam from a reflector, and 
curtains of buboles may be made to rise through the liquid 
parallel to the face of the reflector at distances half a wave*^ 
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I«}^ apart. With care the curtains can be produced so well 
demied and re^lar that measurements of wave-lengths and 
velocities may be taken from them. 

An interesting question arises at this point. Is or is not 
the bubbling here described a consequence of disruptions in 
the liquid by tensions produced in the waves ? It is deducible 
theoretically that there should be a limit to the intensity of 
energy which a liquid will transmit, at least at low frequencies, 
and the writer has pointed out that the maximum energy trans¬ 
missible in water would be, at atmospheric pressure, i.«, at or 
near the surface of water, 0 34 watts per sq. cm., or 4*5 h.p. per sq, 
metre; at 3 inches depth, 0-56 watts per sq. cm.; at 6 metres 
depth, 0'85 watts per sq. cm. [35]. It would seem that it is 
not possible to transmit as much as i watt per sq. cm. in water. 
But in the extremely short period of an ultrasonic vibration 
it is inconceivable that there would be time for the disruption 
of the liquid and formation of a bubble from the above cause. 
Boyle, Taylor and Froman [36] by making energy measurements 
under the conditions of cavitation, examined this point experi¬ 
mentally, and found that bubbling was produced, at least in 
one liquid, viz. gasoline, at much lower energies than the 
theory above would indicate. 

*niat the production of the bubbles depends on the hydro¬ 
static pressure may be shown by an apparatus arranged by 
Taylor and Sproule [37]. A bell jar, sealed to the face of an 
ultr^onic generator facing upwards, contained a column of 
liquid, in this case water, about 1 2 cms. diameter. The height 
of column was about 20 cms., and the pressure in the air space 
above it could be reduced by a connected pump. On exciting 
the generator stationary waves were produced in the liquid 
Mlumn, the air-liquid surface serving as a reflector. The 
pressure in the bell jar, or the voltage applied to the generator, 
or both, could be adjusted to result in the production of either 
large or small bubbles in the liquid. The greater the pressure 
the higher was the voltage required. When large bubbles 
were produced they rose rapidly through the liquid ; but the 
small bubbles, especially at very high frequencies, could be 
made to remain suspended in the liquid in layers parallel to 
the reflecting surface and half a wave-length apart. The nodal 
layers were particularly regular and distinct at frequencies 
about 170,000 (^cles per second. 

Here it may be mentioned parenthetically that the whole 
column of liquid could be thrown into resonance, this condition 
being indicated by a slight humping of the liquid at the free 
surface when the flequency was exactly right for the length 
of column to resound. The height of the hump depended on the 
iotensbfy of die radiation, and If the liquid were slowly drained 
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from the bell jar the humping recurred every time the free 
surface passed through a nodal level. In fact in this way 
measurements could be taken of half wave>len^hs and velo¬ 
cities. Undoubtedly it is this humping of the liquid, greatly 
magnified by high intensity, which becomes the ultrasonic 
mound or fountain observed by Wood and Loomis [38] and 
described later. 

To measure the minimum intensity of energy at which 
cavitation can take place in a liquid an absolute determination 
becomes necessary, and the most convenient method is by the 
torsion pendulum. Cavitation was produced in a small tank 
of commercial lighting naptha, and observations were taken of 
the frequency and voltage on the transmitter when bubbling 
could just be discerned. The approximate (not the exac^ 
value of energy emission was determined by transferring the 
generator to a large tank of water, exciting it at the same 
frequency and voltage as when the bubbling was observed, 
and measuring the emitted energy by a pendulum. While 
the transmitter was working in the naptha, samples of the gas 
released at its surface by the bubbles produced in the liquid 
were collected, and later analysed. 

It was found that bubbling in naptha could just be dis¬ 
cerned at an average energy emission of the order of 6 x io“* 
watts per sq. cm. But'it is the maximum rather than the 
average energy intensity which causes the bubbling to h^n, 
and this was of the order of 2 x 10“’ watts per sq. cm. The 
velocity of sound in the naptha was foun^ to be i'4 x 10* an. 
per sec., its density 070 gm. per c.c., and its vapour pressUlre 
at the temperature of experiment 10 cm. of mercury. From 
these data it could be estimated on simple theory that the 
minimum energy to produce disruption in a pure naptha would 
be of the order 0 3 watt per sq. cm. The measurements showed 
that in the naptha used, not specially pure, bubbling began at 
energies about one-fifteenth of this amount. 

The samples of gas collected from the bubbling liquid take 
quite a long time to collect, although bubbling in the liquid 
may be quite copious. It is clear that much of the contents 
of the bubbles are absorbed back into the liquid as the bubbles 
rise through it to the collecting vessel, ^alysis of the gas 
collected showed it to be mostly air.* Thus to take one case, 
the result of the gas analysis was—oxygen, 17*1 per cent, by 
volume, nitrogen, 71-6 per cent, by volume, organic vapour, 
11*3 per cent, by volume. The temperature at which these 
experiments were carried out was 15“ C., at which temperature 
the vapour pressure of the naptha was sufficient to account for 

* I am informed that American investigators found the same resnlt 
some years ago. 
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the organic vapour. Hence about 89 per cent, of the gas 
collected from the bubbles was air. Further experiments 
showed that a liquid could be deprived of its absorbed air by 
prolonged action, and when so deprived the liquid required 
greater intensities of energy to restart the phenomenon. Also 
on aerating the liquid by stirring or shaking cavitation could 
all the more easily be produced. 

All such results point to the fact that we are not here 
dealing with ruptures of the liquid by tensions in the waves, 
but ^th the expulsion of air and other dissolved gases, probably 
existing mostly as small bubbles around dust nuclei in the 
liquid. Reduction of resultant pressure by the harmonic 
pressure in the waves would tend to cause a slight instantaneous 
evaporation of liquid into bubbles of gas already present; but 
the greater part of the action of the waves is to drive smaller 
bubbles into nodal regions by the radiation pressure and there 
make them coalesce. In fact a bubble in a nodal region can 
sometimes be observed to grow, and sometimes two or more 
small bubbles can be seen to coalesce, until the buoyancy is 
sufficient to take the enlarged bubble to the surface. If solid 
dust particles are scattered in the liquid containing stationary 
waves it will be seen that the bubbles rise and dust falls in the 
same planes. 

The existence of this cavitation phenomenon must cause 
extraction of energy from the waves, and the discontinuities in 
the propagating liquid cause fuither dissipation of energy by 
scattering and reflection. Consequently the phenomenon tends 
to restrict the maximum intensity of energy transmissible. 


Vtry High Frequency, High Intensity Effects 

If the frequency be advanced to very high pitch and energy 
emission be further intensified by concentration in small 
spaces, a host of curious and interesting results may be exposed, 
as shown in the interesting recent work of Wood and Loomis 

^hese investigators used 2 kw. of power, which energised 
through electronic valves small quartz blocks oscillators, from 
0*7 to 1*4 cm. thick, immersed in a dish of oil. The quartz 
could be thrown into resonant longitudinal vibration, at fre¬ 
quencies from 300,000 ij^lsec. to 500,000 i/^/sec., and oscillating 
voltages up to 50,000 volts could be employed. The intensity 
of the very high frequency radiation in the oil above the 
oscillator became so great that the oil was raised in a mound 
7 cm. high above the quartz and from the top of the mound 
oil-drops were spattered in a fountain. On placing a glass disc 
ia the oil above the oscillator conditions may be adjusted to 
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produce a force of 150 by radiation pressure on the disc. 
By dipping various devices in the oil the vibrations may be 
communicated to objects or materials on which the effects of 
the waves are to be observed. 

For example, waves transmitted along thin glass threads 
(0'2 mm. diameter) held tightly in the fingers produced sufficient 
heat to sear the flesh. Glass tubes dipped in the oil have 
stationary waves set up in the walls, as can be evidenced by the 
production on the inside surface of a tube of r^ularly disposed 
rings of heavy oil or heated paraffin with which the inside of 
the tube is coated. Measurements of velocity, deduced from 
the frequency and the distances apart of these rings, indicated 
the waves in the walls to be transverse and not the longitudinal 
ones which might have been expected. Of course both types 
of wave should be present; it is a matter of the length of tube, 
thickness of wall, etc., as to how the available energy will be 
distributed. In general if one t3^e of elastic vibration exists 
in a solid body all other types will be present in some degree. 
Probably it was the evidence of some combination of more 
than one type which Wood and Loomis recorded, when they 
observed evidence of the presence of a second system of waves, 
obliquely disposed, in the walls of the vibrating tubes. 

When the intense waves generated as described are trans¬ 
mitted along a tapering glass rod drawn to a point the vibrations 
can make the point drill a small hole in a piece of wood or 
sheet of glass. Setting up of stationary waves in a conical rod 
showed that the vibrating segments were longer where the rod 
was wider, which is the case for transverse vibrations, but not 
markedly for longitudinal ones». Measurements of the velocity 
of these waves, in rods of different diameters and at different 
frequencies, showed that the velocity increased with diameter 
and depended somewhat on frequency, as would be expected. 
But at a velocity of about i ,400 metres per sec., in all the cases 
examined, there was a break in the velocity-diameter curves for 
any frequency, indicating that beyond this value of velocity 
the increase of velocity was less rapid with rising diameter, and 
also less rapid the higher the frequency. Complicated inter¬ 
ference patterns were produced by lycopodium powder sprinkled 
on flat discs when the vibrations were communicated to the 
discs through solid rods. The form of the pattern of course 
depends on the shape and dimensions of the disc and the 
position of its contact with the communication body. 

Other interesting phenomexia were observed by Wood and 
Loomis, viz. the production of emulsions and fogs by the 
*' atomisation " or fragmentation caused by the action of these 
high-frequency waves on mercury and oil in contact with another 
hquid such as water; the flocculation of suspended particles 
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in liquid ; sug^tions of alteration of type and of rate of 
crystallisation from solutions in certain cases ; dispersal of 
colloids from the grains of soil; and certain biological effects 
which will be referred to later. 


Biological Effects 

The earliest experiments were carried out by Langevin and 
his assistants at Toulon in 1917. With a solid block of quartz 
as oscillator (about 1 cm. thick), excited at high oscillating 
voltage from a Poulsen arc, and thrown into a resonant vibration 
at freq^uency nearly 200,000 cr/sec., they found that certain 
small fish could be incapacitated temporarily or permanently, 
or even killed, by the intense radiation. The present writer 
tried the same experiment, with less intense beams and longer 
wave-lengths (frequency about 45,000 ^^/sec.), on gold fish and 
silver fish, but with negative results. Negative also were the 
results on tubes of bacterial culture placed in beams as intense 
as were available, but with wave-lengths relatively long (fre¬ 
quently up to 130,000 wr>/sec.). Water containing the small 
unicellular green alga (chlamydomonas sp.) showed nodulation 
in a tube, the individuals gathering at the nodes ; but probably 
this was no more than the ordinary stationary wave effect as 
in the case of dust particles settling at the nodal regions. 

Wood and Loomis, on repeating Langevin’s experiments with 
their new apparatus, found that small fishes and frogs could be 
killed on exposure to the waves, and suggested that the cause 
may be the high internal heating in the body of the animal by 
the intense radiation. They found also that cells of spirogyra 
were ruptured and filaments torn to pieces on treatment with 
the waves, while unicellular organisms (paramecium) could be 
made immobile with a short treatment or killed by a longer 
one. Bacterial cultures survived exposure, probably because 
of the very small size of bacteria in comparison with a wave¬ 
length, in which case no fragmentation is possible. Notable 
effects were observed on the reduction of the number of corpus¬ 
cles in blood, both outside and inside the animal body. In a 
sample of human blood, diluted by a saline solution, the number 
of corpuscles was reduced one-half by one minute’s exposure, 
further reduced by one-third after another minute, and further 
by one-quarter after still another minute. After ten minutes 
no further reduction was indicated no matter how prolonged the 
excitation. In experiments on a mouse exposed to the waves 
in water there was no apparent effect at first, but after five 
minutes’ exposure a drop of blood taken from the mouse gave 
a blood-count showing a marked decrease in the normal number 
of corpusclai. After fifteen minutes the mouse appeared 
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weakened and the blood-count had £allen to one half, but in a 
short time the animal recovered and blood-counts thereafter 
showed a steady and rapid return to normal. 

When one reflects that ultrasonic vibrations are no more 
than very rapid and slight squeezes and tensions in the pro¬ 
pagating body, their effects on biological organisms might 
reasonably be expected to be nil in the great majority of cases. 
Where marked effects are produced it is very likely that very 
short wave-lengths and high intensities are essential. Under 
these conditions both on account of the high intensity and on 
account of the rapid dissipation into heat by the viscosity of 
the medium, there is a marked rise of temperature; conse¬ 
quently temperature effects, if any, must be separated from the 
effects of the waves themselves if results are to be positively 
assured. The same considerations apply to the possibility of 
chemical effects, and this is what has been established by the 
experiments already carried out. 


Chemical Effects 

Richards and Loomis [39], proceeding with the work indi¬ 
cated by Wood and Loomis, and using apparatus of the same 
type, point out the reasonable possibility of very high frequency 
and intense radiation, (i) influencing the rate of certain chemical 
reactions, e.g. irreversible reactions or those remote from their 
equilibrium point, and (2) inducing an effect on a chemical 
system already unstable. In a series of experiments on (1) 
they found a slight acceleration in the rate of hydroljrsis of 
dimethyl sulphate, but in another experiment the same pheno¬ 
menon was doubtful. More positive evidence followed by 
obtaining a slight acceleration in the rate of reduction of 
potassium iodate by sulphurous acid, over and above the effect 
caused by the rise of temperature. The frequencies employed 
in this work were 289,000 v/'/sec., and intensities were high. In 
experiments on (2), the action of the radiation caused changes 
in certain sensitive metastable molecules, some examples of 
which may be quoted. Nitrogen tri-iodide could be exploded 
when subjected to sufficiently intense radiation, but it had to 
be set off when moist and used as the coating of a solid filament 
carrying stationary waves. Less sensitive explosives like 
ammonium nitrate remained unaffected. The yellow iodide of 
mercury was converted to the red below 120®, but other ailo- 
tropic changes (of sulphur, phosphorus) that were examined 
gave no consistent results. On some suj^heated liquids there 
were positive results under the conditions of the experiment, 
«.g. carbon tetrachloride, superheated s®, evaporated violmtly, 
less violently carbon dioxide supersaturated in water. A sinipy 
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solution of sodium theosulphate was changed by the radiation 
into a metastable crystal modification. Other solutions gave no 
positive results. 

Cases of fragmentation of some substances at a liquid or 
gaseous interface were observed, e.g. the emulsification of metallic 
mercury in water ; and a slight fragmentation of glass from a 
glass container of distilled water, which was demonstrated by a 
faint colouring in the Tyndall effect. On the subject of cavita¬ 
tion these investigators found that the radiation liberated 
bubbles of vapour in air-free liquids at a temperature somewhat 
below their true boiling points ; and also that about 2*7 times as 
much dissolved oxygen and nitrogen were expelled from water 
as would be accounted for by the rise of temperature alone. 
Richards and Loomis draw attention to a point, noticed also by 
other investigators, viz. that on account of the heat produced in 
friction by the standing waves in the wall of a container there 
is great difficulty in securing exact temperature measurements 
in the contained material. Standing waves may even be 
produced in the wall and liquid of a measuring thermometer, 
and, from the nature of the action of viscosity at high frequen¬ 
cies, temperature gradients are certain to exist when the waves 
are propagated in very confined spaces. 


Marine Applications 

The most important practical applications of ultrasonics 
concern marine operations. Full descriptions have been pub¬ 
lished of the apparatus of Langevin and his collaborators. 
There are descriptions of the general purpose apparatus by 
Langevin and Chilowsky [40], and of the sounding system by 
Langevin and Florisson [41]. Besides the underl5ring scientific 
principles, details and drawings of engineering features of 
generating devices, construction of oscillators, and ship’s 
mountings are described. In addition descriptions are pub¬ 
lished of recording devices for signalling, location of submerged 
objects, and sounding of depths. The operating frequency 
seMcted is about 40,000 ty'/sec., which gives satisfactory results, 
though th(n:e are advantages in securing greater range of 
sigmuling^ in operating at a Jower pitch. Usual operating 
voltages rise to 4,000 or 5,000 volts. Reception is accomplished 
by local electric heterodyning. 

(a) Telegraphy .'—maximum range of under-water tele¬ 
graphic signalling should extend to about six miles in fair or 
moderate weather, but of course much depends on the turbulence 
of the sea. Progressive diminution of intensity is due to the 
spreading of the beam, viscous resistance of the water, and 
•Cattoing of the high pitch waves. In rough weather the rolling 
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and pitching of the ship and breaking of the surface waves can 
cause a “ shock ” vibration in the receiving instruments, pro¬ 
ducing a more or less continuous noise. This may mask 
received signals and reduce the effective range. 

In shallow water and moderate depths reverberations may 
occur by reflections between the water-surface and the bottom, 
and some of these are caused by the waste energy from the 
transmitting instrument in oblique and lateral radiations. 
Reverberation may be very troublesome in rough weather. 

An ultrasonic beam projected horizontally from a ship 
travels with its line of maximum intensity just below the water 
surface ; for the surface cuts off the possibility of divergence 
upwards and also oblique reflections take place from it. If a 
temperature gradient exists, the water growing colder with 
increasing depth, the beam curves downward by reason of the 
slightly greater velocity in the top and warmer layers. This 
may be called “ ultrasonic mirage." With a gradient of 
0*1° C. per metre the radius of curvature of the beam is calcu¬ 
lated to be about i kilometre. If the beam runs into patches 
of water of different temperature, density, or salinity, reflections 
and refractions may occur ; but compart with other extended 
media water is one of the best carriers of sound. 

(b) Locations of Submerged Objects. —^The range for object 
location (except ice) is about one-quarter to one-half the range 
for clear signalling, and if necessary the apparatus may be 
made automatic and recording. 

(c) Telephony. —Ultrasonic telephony is quite possible on 
the same principle as radio telephony: viz. the modulation of 
the carrier waves by the fluctuations of the voice through a 
microphone. The first experiments in telephony were carried 
out by Langevin and assistants in 1917 with promising results ; 
in recent years work of the same kind has been undertaken in 
the United States by H. C. Hayes. 

(d) Sounding. —In sounding it is possible to measure depths 
from a few fathoms to over a mile. In shallow water the time 
for go and return of the exploring pulse of waves is extremely 
short; nevertheless by utilising a recording optical device 
Langevin and Florisson have been able to adapt the system 
for shallow depths, and as with sonic depth-finding there is no 
necessity to stop the ship to take a sounding. There should 
be an advantage over other systems in .sounding by an ultra¬ 
sonic beam, in that by the narrowness of the exploring beam the 
contours of the bottom may be more accurately mapped out. 

{e) Ice-berg Detection. —^The writer and Mr. Charles Reid [43] 
in 1924 took a trip on a Canadian Government steamer through 
the Gulf of St. Lawrence and Straits of Belle Isle, in the hope 
of gleaning some information on this important problem. The 
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apparatus available was of low power, so that long-range detec¬ 
tion could not be expected. The object was to find, if possible, 
(1) what is the range of detection of a berg as compared with 
the range of a steel ship or rocky shore, exploring instruments 
being worked under the same conditions and with the same 
power, and also, (2) what is the effect of the bottom on the 
possibility of berg detection ? In most investigations on object 
location by either sonic or ultrasonic waves there has been, 
at least in published reports, insufficient attention devoted to 
the important factor of the bottom. 

In the tests above referred to it was found that the range 
of detection of a berg in deep water was somewhat greater than 
expected tentatively it could be put at about one-quarter 
the range of a steel ship or rocky shore with instruments 
working under the same conditions. But full warning was given 
of the preponderant influence of the bottom when trying to 
detect bergs in shallow water. The bottom and surface echo 
or reverberation in such cases masks the echo from the ice 
at no great distance from it. On one occasion when the ship 
was brought to close quarters with a berg multiple echoes were 
received, due to the multiple reflections between the berg and 
ship. The multiple echoes were not strong, but they were 
heard just after the sending signal and were superimposed upon 
the loud bottom and surface reverberation which was in evidence. 
On turning the exploring beam away from the berg the multiple 
echoes ceased, but the bottom and surface reverberation per¬ 
sisted regardless of direction. As the ship drew off the multiple 
echoes faded, and soon the echo from the berg became masked 
by bottom echo still as loud as ever. Just here a significant 
observation was made, constituting, almost, a negative test for 
ice. At distances of 250 to 400 yards from the berg the 
bottom echo was not so loud and " milder ” when the exploring 
beam was turned upon the berg than when it was turned away. 
Doubtless this happened because the reflection from the ice 
was much weaker than from the bottom. When the beam with 
nothing in its path hit the bottom directly, most of its energy 
was reflected, a portion of the reflected energy returning to the 
transmitter to produce the bottom echo. But when the berg 
was interposed, the ice being less effective as a reflector than 
the bottom, and also acting as an absorber to screen the bottom 
from the incident beam, less energy was returned to the trans¬ 
mitter than in the former case and produced a bottom echo not 
so strong. These experiments on ice should be repeated and 
extended from a specially equipped ship fitted with apparatus 
of full power. 

_ (/) Un^naater Beacons.-—An interesting marine application 

18 the use of an ultrasonic beam from a shore station, at a 
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place where a ship has to make towards a dangerous shore or 
headland, or enter a harbour mouth or channel in the dark or 
in a fog. A ship suitably equipped with apparatus could pick 
up the beam and be guided by it past the points of uncertainty 
or danger. In this respect the beam would serve the same 
purpose as the alternating current " leader gear ” for straits 
and channels, with the exception that the course of the beam 
always will be straight. Messages could be telegraphed or 
telephoned along the beam between the ship and shore. A 
project of this kind has recently been installed at the port of 
Calais, France [43], and first reports are that on the whole it is 
working satisfactorily. An incidental result is that the receivers 
at the shore station have been able to detect vibrations from a 
shoal of pebbles situated off the shore not far away. It is 
thought that these vibrations are due to the rolling and colliding 
of the pebbles against one another by the motion of the water. 
The explanation is a reasonable one since the dimensions of the 
pebbles would be about right to cause in one another elastic 
vibrations of ultrasonic pitch. 

Those researches mentioned in this article which have been 
carried out in Canada have been mostly provided for by funds 
of the Canadian Research Council, to whom grateful thanks 
are here acknowledged. 

In the article the writer has endeavoured to present the 
state to-day of a subject which has its fascinations, combining 
and correlating as it does important laws of electricity, acoustics, 
optics, and radiation, besides offering the possibility of a very 
useful and beneficent practical application. 
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SOME MODERN ASPECTS OF 
CRYSTALLOGRAPHY 


By F. IAN G. RAWLINS. M.Sc.. A.Inst.P. 

It is common knowledge that crystals have attracted the 
interest and attention of men from early times. More re¬ 
cently, the nineteenth century provided a period of activity 
distinguished by its insistence upon crystallography as a 
nearly ideal natural illustration of solid (Euclidean) geometry. 
The discovery by Prof, von Laue that a crystal acts as a 
diffraction grating for radiation of very short wave-length 
(X-rays), immediately had a profound effect in shifting the 
centre of interest from external properties to the anatomy 
of the crystal itself, i.e. to the nature of the units of which 
crystals are built up, and to the manner of their arrangement. 

A great deal has been written about crystal structure in 
the light of X-ray research: in this article this information 
will be taken for granted. In other words, it is assumed that 
the elementary nature and arrangement of the units are known 
for a very large—and rapidly increasing—number of crystals. 
The purpose now is to see to what further knowledge such 
labours have led. To this end, brevity may perhaps best be 
attained by the use of a table showing how present lines of 
investigation compare with those prevalent in the older (or 
classical) crystallography. 


A 

Moism 


Table I 


B 

ChusUal 


X-ray data. 

Infra-red spectra. 

Deformability of crystal anits. 
Co-ordination numbers. 
Thermodynamics of assemblages. 


Microscopical investigations. 

Molecular refractivity. 
External symmetry. 
Thermodynamics of continua. 


This table does not claim to be complete ; obviously there 
are a number of properties fully as significant to-day as they 
were when first discussed. For example, workers of last 
century were acutely aware of the anisotropic nature of crystals, 
and carefully allowed for this fact by measurements along the 
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appropriate axes ; but in modem work this need of the recog* 
nition of privileged directions is more important than ever, 
for it corresponds essentially to the density of packing of the 
ultimate units of the crystal along different planes. 

Thus, the application of X-rays to the problem of crystal 
structure has increased enormously the need of an extension 
of our empirical knowledge of vectorial properties {e.g. hard¬ 
ness, cohesion, compressibility, conductivity, etc.). 

X-RAY Data and Infra-red Spectra 

(a) Crystals are called heteropolar—or ionic—if the units 
of which they are composed carry charges, and are thus ions 
as opposed to neutral atoms. A number of simple salts, 
including the halides of the alkali metals for example, are well 
known to be of this type. The forces operative in holding the 
complex together are usually assumed to follow the common 
(Coulomb) electrostatic law of attraction, and a law of repul¬ 
sion varying as the inverse nth power of the distance of separa¬ 
tion of unlike charges. Many of the simpler properties have 
been calculated by Bom on these assumptions, and show very 
fair agreement with observation. 

A basic characteristic of ionic crystals—on this view— 
is that the ions retain their individuality, so that each ion 
consists of its core or nucleus, together with a number of 
electrons giving the usual chemical valence, e.g. Li^, Mg+‘*’, 
Al++^ C 1 -, O—, etc. 

The effective ionic radii have been computed and tabulated 
for the majority of the elements by Goldschmidt [i] from X-ray 
data, and by Pauling [2] from theoretical considerations based 
upon the new wave mechanics. Excellent agreement is found. 

The presence of free charges allows the expectation of 
resonance to an applied electromagnetic field, and this is 
at the root of much that has been learnt about the forces at 
work between ion and ion (or ion and charged groups), by 
means of reflection and absorption spectra of crystals in the 
infra-red, including the classical " Reststrahlen ” of Rubens. 

Again, making use of the conception of ions, Joff6 has 
made great progress in investigating electrical conductivity 
in crystals, and has succeeded in showing conclusively that 
in heteropolar crystals the process is electrolytic. He considers 
that thermal dimision—naturally a function of the tempera¬ 
ture—is constantly taking place within the crystal, and that 
the effect of an applied potential difference across the specimen 
is simply to exert a directional effect upon the ions as they 
follow their disorderly thermal movements, driving them 
towards the appropriate electrode, where they are deposited 
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in just the same wav as obtains for solutions of electrolytes 
following Faraday's laws. 

Some remarkable features, however, are present. In crystals 
of the NaCl type, for example, practically the whole of the 
transport of the current is done by the Na+ ions, the non- 
metal being almost ineffective [3]. It is interesting to notice 
that Waller and James [4] have recently shown that the root- 
mean-square amplitudes of vibration of Na'*' and Cl~ in rocksalt 
are 0'242A and 0-217A respectively at 290® Abs. The sodium 
ions are thus less tightly bound in the lattice than the chlorine 
ions. 

It is interesting to attempt to visualise the mechanism by 
means of which the electric current is carried through the 
crystal from one electrode to the other. 

The view is that in the process of thermal diffusion already 
alluded to, some ions—^particularly those of a metallic nature 
—escape from their original positions, and may even enter 
spaces in the crystal lattice rendered vacant by other ions of 
like sign (or charge) performing similar migrations, only the 
resultant movement towards the poles being the work of the 
applied electromotive force. Thus the general nature of 
the lattice tends to be preserved, and a reasonably satisfactory 
picture is obtained of the origin of the ions which appear after 
some time as a fairly massive deposit on the electrodes. These 
ions are indeed those which could no longer find a temporary 
abode in the manner above indicated. 

In the case of crystals containing sodium, these deposits 
assume a tree-like (or dendritic) form when examined under 
the microscope, giving rise to much the same kind of appear¬ 
ance as metallographists are accustomed to meet in the study 
of alloys. 

(A) Homopolar crystals are those in which the units are 
electrically neutral {i.e. atoms), or built up in such a way that 
the individuality characteristic of the heteropolar type is 
lost, or at least much diminished. This latter property b 
taken to come about as the result of electron sharing between 
neighbouring centres. But between truly heteropolar and 
truly homopolar crystals exist—so recent work tends to show 
—a perfectly gradual transition in that it is often impossible 
to say that the units are wholly discrete or completely “ fused." 

A. M. Taylor [5] has lately suggested that high compressi¬ 
bility and high thermal expansion are very fair criteria for the 
presence of homopolar linkages. Large values of the latter 
constant clearly point to deviations from a simple law of 
force, and this would be expected for semi-metallic crystals. 

Sommerfeld [6] has recently discussed the nature of the 
crystal unit from the point of view of the Periodic Law, and 
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the known physical properties of the element or assemblage. 
Thus ZnS is not of the form Zn'*’+S , to judge from X-ray 

work, but much more likely neutral Zn and neutral S. 

This compound possesses a tetrahedral structure akin to 
that of the diamond, leading directly to the belief that a non¬ 
polar bond (or linkage) is present, in which two electrons are 
shared between two atoms, as originally suggested by G. N. 
Lewis. 

However, a more rigorous treatment due to Niessen raises 
numerous difficulties ; he finds, starting from the simplest 
assumptions of shared orbits, that the units are not electrically 
neutral, but that the metal actually carries an effective negative 
charge and the non-metal an effective positive charge. 

This investigation was conducted on the basis of classical 
mechanics : it is not inconceivable that the application of the 
wave mechanics would lead to a less paradoxical result. As 
Pauling has lately shown [7] some important differences may 
be expected on the two theories. 

Depormability of Crystal Units 

So far only rigid ions have been considered, that is to say, 
those for which the ionic radii deduced do represent the actual 
state of affairs existing within the crystal. 

The next step is to take account of deformability, or 
distortion under the influence of the fields of neighbouring ions. 

Perhaps the simplest way of looking at this effect is to 
consider an atom situated between the plates of a con¬ 
denser, one of which plates is positively charged (P+) and the 
other negatively charged (P_). Then the positively charged 
nucleus will be displaced towards the negative plate of the 
condenser, and the negatively charged electronic envelope will 
be attracted towards the positive plate. Thus if Fig. i (a) 
represents the undeformed atom, its condition when in the 
electric field between the condenser plates is shown in Fig. i 
(b), in which a finite distance / separates the electrical centres 
of positive and negative charges. 

If E stands for the electric field, or intensity, between the 
plates of the condenser, and e is the nuclear charge, then an 
electric moment p - e/ is set up, and may be assumed to be 
proportional to E, so that it is possible to write— 

P “ aE, 

where aba constant characteristic of the particular kind of 
ion. 

Also, since this equation can be expressed in the form 
a • pfE, a b the electric moment generated by unit field. 
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This illustration may serve to show how the ions or atoms 
of a crystal lattice may be deformed under the influence of 
the fields of their neighbours. At the same time it will be 
seen how it comes about that in highly symmetrical crystals 
{e.g. NaCl) this deformability o can have no effect upon the 
crystal properties, since any one unit (atom or ion) is so 
symmetrically surrounded by its neighbours, that a one-sided 
displacement (or polarisation) is impossible. 

Nevertheless, in more complicated cases, this term a plays 
a leading part, and may become important enough to out- 



lb) 



a. 


Fio. I. 


weigh other factors such as chemical constitution and ionic 
radii which usually go far to determine the properties of a 
crystal. It is the recognition in recent years that ionic 
deformability may settle almost entirely the equilibrium con¬ 
figuration of certain crystalline compounds that makes it a 
problem of some urgency to determine a with accuracy for as 
many elements as possible. 

Many years ago, the late Prof. Lorentz showed (on the 
classical electromagnetic theory) that the deformability is 
connected with molecular refractivity M according to the 
relationship o - 3M/4VN. (N - 606 x lo**). 

Fajans and others have made frequent use of this equation 
to determine o, whereas more recently it has been established 
that a is connected—at least for the simpler ions having the 
structure of the rare gases—^with the Rydberg correction term 
in the series spectra. 
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CO-OROINATION NUMBERS 

Few aspects of crystallography are more striking than the 
change which has come over the method of classification. 
Previously, external symmetry, and families of planes were 
the chief means of dividing crystals into groups for purposes 
of reference. (The spatial relations of Schoenflies and kindred 
conceptions do not touch the main theme of the present dis¬ 
cussion.) From the present point of view, the advent of 
X-rays has modified all this in that it is the environment of 
a unit (ion or atom) with respect to its neighbours that now 
forms the most important basis of classification. Otherwise 
expressed, crystal geometry is not so much concerned to-day 
with assemblages of planes as with systems of points in 
ordered spatial array. 

Actually it is quite possible to construct—^as Born has done 
—^a formal three-dimensional vector geometry founded essen¬ 
tially upon translations of groups of crystal units according 
to given conditions, by means of which the whole complex 
can be defined. In this way one arrives quite naturally at the 
conception of the “ basis group ” (the group of units repeating 
itself in space), and of the unit cell. 

Consider a costal having the chemical composition AX, 
where A is a cation and X an anion. Then the co-ordination 
number of such a crystal is defined as the number of atoms or 
ions of X which surround A symmetrically at equal distances, 
and which must clearly be the same as the number of atoms 
or ions of A which surround X similarly. 

For example, in the well-known rocksalt structure, any one 
sodium ion has, as immediate neighbours, six chlorine ions 
arranged at the corners of a regular octahedron (and vice 
versa), whereas in the caesium chloride type each caesium ion is 
surrounded by eight chlorine ions at the corners of a cube (and 
vice versa). The co-ordination number in the first case is 6, 
and in the second 8. 

For compounds of the type AX,, obviously each A must 
be surrounded by twice as many X's as each X is by A’s. 

Thus for the fluorite (CaFJ type, the co-ordination number 
is 8/4, signifying that each calcium is surrounded by 8 fluorines, 
whereas each fluorine is surrounded by 4 calciums. 

Such crystal lattices as these are frequently spoken of as 
dia^nal lattices, for reasons which will now be explained. 

Theory shows that it is possible to build up spatial arrays 
of points such as those just considered from the simple starting 
point of a cube in which the points are arranged along a diagonm 
at equal distances apart (see Fig. 2). 

This lattice possesses as its smallest unit cell the rhombo* 
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hedron outlined in the diagram, and by successive translations 
of this rhombohedron according to the conditions already 
alluded to (Bom), the whole crystal arrangement is formed. 

Referring again to Fig. 3, consider the diagonal AB of the 
cube (which is also a major diagonal of the rhombohedron 
indicated in the same diamm‘), and let be four 

points in each or any of which an atom may be imagined to be 
situated, equally spaced along this diagonal: then it is pos* 
sible to build up the simpler types of cubic lattices by choosing 
the m’s appropriately. An example may make this clearer. 
Suppose fMj is chosen to be of the same kind as t»2 (e.g. both 
carbon atoms), and m, and are assumed to be absent («.«. 



no atoms at these points), then the atomic arrangement de¬ 
picted in Fig. 3--representing the diamond-—is formed. 

Here A'B' is the diagonal corresponding to AB of the 
previous figure, and m’l and w'» atoms correspon ding to m. 
and m,. 

It will be observed that in Fig. 3 the points on A'B' which 
correspond to and nti in Fig. 2 are vacant. 

Successive translation of A'B' (considering m', and m\ to 
be rigidly fixed to it) in all possible ways in turn will be found 
to give all the atomic positions indicated by the black circlet, 
and thus the whole lattice is accounted for. 

The characteristic tetrahedral arrai^ement which repeats 
itself in space is shown bv the dotted fine. 

The following table demonstrates how the w’s may be 
selected to give the various lattices. 


> The rhombohedroa is taken as the vnit cell since it contains the 
number of atoms (two in this example} which repeat in spw w Thki «««»- 
stitutes Bora's" basis ceU” and “basis group." sum cam- 
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mg wd mg absent 
mg and mg absent 
iMg absent 
m| absent 
AU m*8 present 


Table 11 

. Rocksalt type. 

. . ZnS or diamond type, 

• . Fluorite type. 

. . Copper type. 

. . CsCl type. 


The present author has found it very instructive to prepare 
a model to illustrate these cases.^ A cube formed of suitable 
uprights encloses the unit rhombohedron (white thread shows 
up very well), while three further uprights of proper height 
have small screw threads at their summits on which balls, 
to represent the masses . . . Wg, can be screwed or un- 



Fig. 3. 


screwed at will. It is astonishing how easy it then becomes 
to visualise the different types. 

The following table, from a paper by Goldschmidt [1] gives 
the possible co-ordination numbers and corresponding crystal 
types. 

Tabls Ill 


Co^ofd. No, 


AX 

AXg 


’ I . 


a 


3 


4 


6 


8 


f*/* . 


4/* . 


6/3 . 


.8/4 . 



Typs 

Single molecules. 

Double molecules. 

Graphite. 

Diamond* and stratified lattices. 
Rocksalt* NiAs. 

Csesium Chloride. 

Single molecules, 
a and p Quarts, Cuprite. 
Anatase, Rutile, and Cdig. 
Fluorite. 


^ sctual constmctiofi, the writer is indebted to Mr, Lanham of 

™ tiiuvmiity laboratory, Cambridge. 

8 
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I^e structures of high co-ordination number represent a 
condition of high stability (other factors being equal) for an 
assemblage the units of which are not subject to a laigje 
amount of deformation. In other words, an ion tends to 
collect as many neighbours about itself as possible, and to 
keep these at as great a distance from itself as the geometry 
will permit. If now the term a, the ionic deformability, of 
one of the constituents is great, the resulting lattices tend to 
become unstable—as Hund has pointed out—and give place 
to entirely different tjrpes, which have only quite recently 
been recognised, and which promise to become of the greatest 
theoretical interest. These are: 

(a) Molecular lattices. 

(b) Stratified lattices. 

(a) correspond to very great deformability, together with 
a marked discrepancy between the sizes of the constituent 
ions. Solid CO, and solid HCl are of this nature, as well as a 
host of organic substances. It is possible to maintain that 
for such bodies the chemical molecule is conserved in the solid 
state, and itself forms the crystal unit. 

(b) represent an intermediate condition between true 
diagonal lattices and tjrpe (a) above. Cdl, is a perfect ex¬ 
ample. It consists of layers in each of which the rigid cadmium 
ion is bordered on either side in each layer by the easily de¬ 
formable iodine ion, and any one layer is, in a sense, one 
enormous molecule in which forces of great magnitude are 
present. 

Macroscopic evidence is afforded by the characteristic 
flakes in which the crystal occurs. 

A nuniber of other compounds are now known to possess 
this stratified structure, among them most of the common 
hydroxides. This is natural, since OH~ has a laige electric 
moment, indicative of high deformability. 

If now a return is made to the simpler conditions of tan¬ 
gential contact between ions,* it becomes fairly evident that 
the ratio of the radii in (say) a binary compound of the form 
AX will be subject to limiting values in order that such con¬ 
tact may be maintained. Thus, suppose that it is required 
to find the ratio of the radius p' of a small circle to that of 
three larger circles each of radius p" to satisfy the condition 
that the three latter shall surround the former symmetrically 
(establishing tangential contact) in the form of an equilate^ 
triangle, the problem is readily solved as follows : 

Tne distance AD (- A say) is the height of an equilateral 

* Thii means treating the ions as If they were rigid spheiet. 
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triangle of side 2 p^ and is therefore equal to since 

the centre of the small circle is_equidistant from the centres 
of the others, p"" + p' ^ 2A/3 - 2\/3 p^ji, or p'/P*' - - i - ot 5. 

Proceeding in just the same way for the space lattices of 
crystals of compounds AX,, the following limits are obtained 
for the quotient Q - p^jp*. 



Table IV 


Q between 4*43 and 073 , 
Q between 073 and 0*41 . 

Q between 0*41 and 0*22 . 

Q less than 0*22 


• Fluorite structure. 

. Rutile structure. 

. Quartz structure. 

. Molecular or stratified lattices. 


Taking p' to refer to the (smaller) cations, and p" to the 
(lai^er) anions, the following table gives the values of Q for a 
few typical stratified lattices. 


Table V 


CoBeonad. 

Cdl, . 



• 


0 

. 0-47 

ZrS, . 


• 

• 

• 

. 0*50 

ZrSe. • 


• 

• 

• 

. 0*46 

ZrTe, . 


% 

* 

• 

. 0*41 

MoS« . 


a 

• 

. 

. 0*39 ‘ 


A glance at Table IV will show that if the assumption of 
rij^d ions was justifiable for these bodies, then the first three 

* Ifo^ differs slightly from the others in Table V; it is the only member 
of its type yet known. 
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would have possessed the Rutile structure (6/3)» ZrTe, would 
be on the threshold between the structures of Rutile and Quartz, 
whereas MoS, would have resembled quartz. Actually, owing 
to the great ionic deformation, the structures of higher sym¬ 
metry become unstable, and stratified lattices make their 
appearance. 

Thermodynamics op Assemblages 

According to classical mechanics, the specific heat of a 
solid is independent of the temperature and equal to 6. The 
quantum theory has offered an acceptable explanation of the 
form of the specific-heat-temperature curve of the diamond 
and of numerous other crystals, both elements and compounds. 
The extension of the earlier conceptions based on continua 
has 3delded in theory a complete solution of the problem in 
the comprehensive functions deduced by Bom and Kdrm^, 
whose idea it was to take account of the discrete nature of 
crystals in deriving the equations. Some important refine¬ 
ments in the deduction of a melting-point formula (akin to 
the original expression deduced by Lindemann) by means of 
which the characteristic frequencies of vibration of a crystal 
can be calculated from thermal data, have been achieved by 
Braunbeck [8]. Numerical substitution in his equation 3delds 
results in very satisfactory agreement with those obtained 
from infra-red spectra when properly interpreted. What now 
seems to be required is a frontal attack upon crystal mechanics, 
Including such subjects as tme breaking stress, hardness, and 
kindred matters which have as yet received but scant atten¬ 
tion except in the laboratories at Oslo and Leningrad. 

This brief, and necessarily incomplete, consideration of the 
conceptions outlined in Table I may have served to show the 
outstanding features of the modern crystallography, at least 
in skeleton form. 

Two questions may now be asked : 

f i) Given a metallic element A and a non-metallic element 
X, IS it possible to anticipate the t3rpe of ciystal structure 
which they will form in the solid compound A 3 C ? Otherw^ 
expressed : can we prepare a crystal to have a given structure 
with a certain chemical composition ? 

(2) How can the occurrence of the same substance in two 
or more crystalline forms in nature be accounted for (s.g. three 
forms of llo,) ? 

(i) Goldschmidt [i] has discussed the following typical 
case. It is desired to prepare a didodide having the finite 
(8/4) structure. 
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In the first place, it is easy to see from Table IV that the 
ratio Q (ionic radius of cation : ionic radius of anion) must lie 
between the extreme limits 073 and 4*45. 

The radius of the iodine ion is well established, and amounts 
to 2 ‘ 3 oA, and thus it will be necessary to find a (divalent) 
cation having a radius between 1*61 A and 979A. As a matter 
of fact, the largest divalent cation is that of Barium (i*43A), 
thus altogether too small for the purpose. 

An escape from the dilemma is offered by selecting nickel, 
which has a radius of only 078A, but has the valuable property 
of binding firmly to Itself an envelope of ammonia, thus pro¬ 
viding an " artificial ” unit of radius 2*S7A, which easily satis¬ 
fies the geometry (Q - i*i2). Hence the compound 
[Ni(NH,)JI, should be a di-iodide with the structure of fluorite. 

Wyckoff [9] has investigated this crystal, and finds that 
this is so. 

(2) Pauling [2] has worked out the numerical factor in the 
lattice energy for a number of crystal types. Clearly, if two 
or more structures have equal, or nearly equal, values of this 
factor, then one is neither more nor less likely to persist in 
nature than the other under given conditions, and both forms 
may be expected. 

This factor amounts to 4*80 for rutile and for anatase 
(both TiO^ and to 1*640 for Sphalerite, and to 1*641 for 
Wurtzite Iboth ZnS). As a matter of fact, Hund had previ¬ 
ously reacned this conclusion, and had also stressed the result 
that, apart fi'om deformability, several well-known natural 
crystals could never have come into being. 

The replies indicated to queries (i) and (2) above surely 
give great confidence in the powers of the new aystallography 
to add very materially to our knowledge of nature. 
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THE DIRECT VERIFICATION OF MAXWELL’S 
LAW OF MOLECULAR VELOCITIES 

By JAS. P. ANDREWS, M.Sc., East London College. 

It is a curious fact that a law of such fundamental importance 
as Maxwell’s Law of Distribution of Molecular Velocities should 
have so little direct experimental verification, and should 
have had to wait so long for such verification as does exist. 
So far as I am aware, no frontal attack was made upon such 
a problem until well into this century, in spite of the fact 
that Maxwell’s first paper on the subject appeared in i860. 
Maxwell, in his subsequent work, appears to have been primarily 
concerned with the development of the molecular model, and 
the derivation of consequences; Boltzmann was founding the 
theory on a wider and more secure base, making its philosophical 
buttresses firmer, and the followers built largely to their 
specifications. It almost appears that the conspicuous difficulty 
of the time was the molecule itself; certainly more experiments 
were designed to prove its existence, and to justify the idea of 
a theory of molecules, than to sort out their velocities. 

It has often been affirmed that the law is amply proved 
by the verification of its consequences. Undoubtedly a high 
probability is thus indicated, but the word “proof ” is not applm- 
able. Apart from the fact that most " consequences ’’ are 
derived with the indispensable aid of some otW h3rpothesis 
or principle, we know it to be quite common for different 
theories to predict the same course of events, at least within 
the limits of accuracy attainable. Indeed, established foith 
may be tested by a calculation on the following lines. T^e 
law of perfect gases PV - RT may be derived from the dis¬ 
tribution law, together with an additional assumption r^arding 
the temperature. Taking the gas law and the temperature 
hypothesis, attempt to work back to a law of distribution. 
It can be shown that little more than symmetrical distribution 
of molecular velocities with respect to a standard direction is 
implied. 

Such doubts as this may extender might have carried more 
weight half a century ago than now; for now we ^ve the 
«q>eriments of Prof. 0 . W. Richardson and others on the ionic 

118 
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atmospheres evaporated from heated bodies, resembling in 
theory the work of G. jSger on vapour pressure, and affording 
the soundest demonstration yet produced of the applicability 
of Maxwell’s Law. The existence of Richardson’s book, 
The Emission of Electricity from Hot Bodies, obviates the 
necessity of detail here ; but it should be pointed out that 
in spite of the ionic charges involved, the conditions in many 
cases closely approached those visualised by Maxwell; and 
here we have the velocities sorted out, component by com- 

e onent, with considerable precision, finally demonstrating a 
laxwell Distribution. After what follows, it should be clear 
that this remains the only truly direct experimental test of 
Maxwell’s Law. 

I find it stated authoritatively (Herzfeld, Kinetische 
Theorie der Wdrme) that a method for the direct testing origi¬ 
nated with M. Cantor in 1897 (fVied. Ann., 62 , 482, 1897). 
Actually, Cantor determined the mean velocity of chlorine 
atoms which entered into combination with a fresh copper 
surface exposed to a chlorine atmosphere. Respecting the 
kinetic theory of gases. Cantor merely claims that the large 
velocities found are a corroboration of the fundamental idea 
of the theory that a gas at rest consists of many particles 
moving rapidly. I cannot find a record of any extension 
of these experiments such as would tally with Herzfeld’s 
account. 

The partial eclipse suffered by the kinetic theory at the 
beginning of this century has long passed, and one ray of the 
new li^ht has again fallen upon the problem of direct verifica¬ 
tion, giving rbe to the work of O. Stern (Z. fiir Phys., 2, 49, 
1920), that of J. L. Costa, H. D. Smyth, and K. T. Compton, on a 
" Mechanical Maxwell Demon ” {Phys. Rev., September 1927), 
and the very similar experiments of J. A. Eldridge {Phy. Revs. 
I^cember 1927). We may say, at once, that since Maxwell’s 
time the devilkin has apparently grown capable of more compli¬ 
cated work. Instead of being required to sit on his fence putting 
the second law of thermodynamics out of countenance with both 
hands, he must now definitely sort out the molecules on his 
right band, according to their speeds, while leaving his left hand 
unoccupied. Adopting this new definition. Stern’s apparatus 
is as impbh as either of the others. In Stern’s experiments, 
then, neutral silver atoms are evaporated from a hot wire 
which forms the axis of a cylindrical chamber. A thin beam 
of these, elected by a couple of slits whose openings are parallel 
to the wire, is allowed to condense in a fine line on a target 
plate, abo contained within the highly evacuated chamber. 
The ta:net plate and set of slits is now given a rapid motion 
perpencUculw to the radius of the cylinder, by whirling round 
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the axis at high speed. Of those molecules which emorf^ 
from the last wt, the faster, reaching the plate before, wiU 
imprint themselves in a different line from the slowa:; and 
thus we have at once a velocity spectrum in silver, upon the 
target plate. The density of the mark at different distance 
from the line made on the still plate, if measured photometri¬ 
cally or otherwise, would determine the relative numbers of 
molecules travelling with velocities accurately determinable 
from the dimensions of the apparatus and the speed of rotation. 
That at least was the intention. In practice, the matter was 
not so simple. To melt the silver, a high temperature is needed, 
and the velocities of the atoms are therefore considerably 
higher than at ordinary temperatures. Thus, in order to 
obtain a large dispersion on the plate, a very rapid rotation 
is necessary. In point of fact, as many as 2,700 revolutions per 
minute, first in one direction and then in the other, produced 
a distance between the marks made by the atoms moving with 
the most probable velocities, of only 1*2 mm. Under the 
circumstances, detailed verification of Maxwell’s Law was 
out of the question. It might appear that the desired disper¬ 
sion could be obtained by increasing the dimensions of the 
apparatus. But this would at once enhance the great difficulty 
of avoiding collisions with other molecules, of air or silver, 
which would complicate the interpretation of results. As it 
was, difficulty enough was experienced in maintaining a high 
vacuum, while employing a rotating axle communicating with 
outside, a difficulty overcome by interposing a rougher vacuum 
between the free atmosphere and the chamber. The distance, 
1*2 mm., however, is closely compatible with the assumption 
that the silver atoms travelled with velocities distributed 
according to Maxwell’s Law, supposing their temperature to 
be that of the hot wire, or a little higher. 

Since, both in this experiment and in the next, some doubt 
may be allowed as to the applicability of Maxwell’s Law, we 
may, following his own method of derivation, bear in mind 
what kind of gas it is meant to describe, viz. one composed 
of a very large number of molecules, whose average energy 
over a sufficient period is finite, and in which the velodtitt 
are distributed symmetrically with respect to direction, at 
random around a favoured value with respect to magnitude. 
In Stern’s experiment, this last is the stumbling-blo». Hte 
atoms were only those which succeeded in escaping from the 
matrix, and were therefore probably all above a certain 
minimum velocity. 

In the work of Costa, Smyth, and Compton we are even 
less sure of the appropriateness of Maxwell’s Law. For here 
the molecules are ddiberately drawn into the apparatus 
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pumps, and cannot be in the condition just defined. The 
experiment itself is none other than an ingenious application 
of Fizeau’s method for the velocity of light, modified to measure 
the speed of molecules. The familiar toothed wheel is paired 
with a second on the same axle—for reflectors are not permis¬ 
sible—and distances are reduced to suit the speeds. The jet 



Flam or Stssm's Attakatos (oiaokakmatic only). 

W is ths section of the glowing wire along the axis, S are the slits which 
Unit the beam. P are the target plates upon which the atoms condense. 

The dotted line represents the path of the molecules relative to the plate P, 
when the whole arrangement is rapidly rotated about W in the direction 
of the arrows. 

of gas, drawn into the evacuated apparatus, is directed against 
the rim of one wheel while the aade revolves at a convenient 
speed. Molecules whose speeds are within certain ranges 
ctdculable from the ar^ular speed and dimensions of the 
apparatus, will pass between the teeth of the second wheel, 
deiiectmg a radiometer vane behind. If a Maxwell distribu¬ 
tion is assumed, the pressures on the vane may be calculated 
and compared with those derived from its deflection. Some 
sgteement b found, but not such as to verify Maxwell's Law. 
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&nce the radiometer is an instrument whose action is not 
simple, it is not clear what law the experiments do indicate. 
Although something more appears to be claimed, the result is 
qualitative as yet. We conclude that these experiments do 
not demonstrate the Law. 

Neither do those of Eldridge, and for similar reasons. Here 
we have something of a combination of both predecessors, 
in that a metallic vapour (cadmium) is projected into the 



Fizead’s Method and the Mew Maxwell Demon. 

The figure compares the priaciplee only. I and M are Uie im«y of the 
tooth'Wheel T and the glass sheet M), in the mirror M. T are the rigidly 
connected toothed-wheels of the molecular apparatus. R the radiometer 
vane. 

apparatus and condensed at the end of its journey to form a 
mark on a cold target, while the Fizeau rotating wheel S3rstem 
is employed to define the molecular path. The cadmium is 
finally condensed on the cold moving target and spread out in 
a fashion exactly analogous to Stern’s velocity spectrum j and 
the measurements are made in the same way. What has been 
said of the others applies largely to these experiments, with 
these qualifications: firstly, that much greater care has been 
taken to eliminate collisions between molecules; and secondly, 
that the temperature is much lower than in Stem’s case. 

In conclusion, we may ask why this matter has revived at 
this time. With regara to the first American experiments, 
ho reason except that of general scientific interest appears. 
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Although capable of doing the work of Maxwell’s “ Individual " 
(as his creator named him), these mechanisms are not used to 
that end. Why, then, should they be employed to demonstrate 
a law which in many ways is already proved ? The answer to 
these questions may probably be found in the advent of new 
theories of gases. Thus we have quantum theories of gases, 
of which that of Einstein might be mentioned ; while the 
new wave-mechanics, in so far as it may be regarded as the 
statistical mechanics of systems which are mutually dependent, 
must cast reflections on older theories which regard gases as 
assemblies of independent systems. It is to be anticipated 
that molecules exert a more potent attraction upon one another 
when they are closer together, or are moving slower, that is, 
at high pressures and low temperatures. Calculations for 
these regions generally become very difficult, but the indications 
of the quantum theory are, according to Stern, that a difference 
of I per cent, in the calculated velocities may be expected 
for hydrogen at the boiling-point, and one atmosphere pressure. 
The need for some experimental test is clear ; Stern’s method 
was indeed tried with that object in view, and more may yet 
be heard of it. The high pressures required are, however, a 
very grave, if not insuperable, difficulty. It will be observed 
that m none of the above cases was any attempt made to 
attain it. That experiments of the thermionic type are 
entirely out of the question is abundantly evident. 

We are bound to conclude that while the new experiments 
have not illuminated the old ground, they may represent the 
pioneer attempts at one of the most difficult experimental 
problems in physics. 
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By UARIE V. LEBOUR. D.Sc., F.Z.S. 

$it ikt Plymouth MoHm Laborotory 

Dinoflagellates, or Peridinians, constitute a group of uni¬ 
cellular organisms which are of peculiar interest in many ways, 
being on the borderland between plants and animals, and 
second only to the diatoms in importance as food for those 
animals which mainly subsist on these minute creatures both 
in the sea and in fresh waters. 

The earliest known dinoflagellate, and perhaps still the 
best known of the group, is Ceratium (Fig. i), so called from 

the horns which protrude from 
the three angles. In size it is 
a good deal less than a milli¬ 
metre, its body is composed of 
clear protoplasm and it is pro¬ 
vided with a covering, the so- 
called theca, transparent and 
composed of cellulose or some 
closely related substance. 
Round the body is a groove, 
the girdle, in which is lodged 
a long vibrating thread which 
is more or less whip-like and 
therefore called a flagellum. 
This thread vibrating in the 

S roove gave rise to the name 
inoflagellate, or peridinian, both 
Fio. t.—c«raM«m. of which are derived from a word 

meaning a whirlpool. R unning 
posteriorly is a second CTOove which lodges another flagellum 
projecting straight out behind. These transverse and longi¬ 
tudinal grooves thus respectively lodge the transverse and 
longitudinal flagella which are the organs of locomotion. The 
transverse flagellum encircling the cell is continually vibrating: 
the longitudinal flagellum trails or lashes bacWards and 
forwards and by means of the combined movements a typical 
twirling forward progression is effected. 

**4 
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Inside the protoplasm are small bright yellow bodies, the 
colour-bearing bodies, or chromatophores, and by their aid the 
organism feeds, for they contain a colouring matter closely 
related to chlorophyll, the green colouring matter of plants, 
and by means of this in the presence of sunlight carbon dioxide 
can be split up and the carbon utilised for building up complex 
foodstuffs which make up the protoplasm of the cell. Ceratium 
thus feeds like a plant: it is holophytic. Other forms may 
contain ^een or brown chromatophores. 

Ceratium is mainly marine, although there is one very 
common fresh-water species. In the sea the long horns help 
in enabling it to adjust itself so that it can keep in those layers 
where the light can penetrate and where it may occur in enor¬ 
mous numbers. 

There are very many different kinds of dinoflagellates, 
ranging from extremely simple cells to species so highly advanced 



Fig. 2.—(a) Typical naked dinoflagellate. (h) C&raHum showing 
theca composed of plates, (c) Pmdinium showing plates. 

that they seem to herald the approach of the Metazoa, or 
multicellular animals. Their interest lies in this variety, and 
we shall now proceed to review the group as a whole and show 
how many interesting problems are suggested by their study. 

We have naked forms with a covering so thin that it can 
collapse upon the slightest provocation, and we have thecate 
forms, such as Ceratium and Peridinium, which possess an 
armature persisting after the death of the cell. This theca 
may be composed of many plates arranged in regular patterns 
(Fi^ a). 

The naked species form a special division and amongst 
them are probably the most primitive ; but also in it we have 
the most highly developed of the whole group. 

A simple naked dinoflagellate consists of a mass of proto¬ 
plasm with a nucleus, the outside being bounded by the thinnest 
pellicle. A groove lodging the transverse flagellum encircles 
the body and a longitudinal flagellum lodged in a ventral 
jpwve protrudes behind. In the protoplasm may be yellow, 
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brown, or green chromatophores, in which case the organism b 
holophytic, or the cell may be colourless or ve^ pale pinkish 
or yellowish without chromatophores, or with brightly coloured 
plasma. In these latter cases we may often find food remains 
inside the cell. Sometimes these can be clearly recognised as 



ft b c 

2-—DinoflagcUates with food inside, (a) With 
diatom, (b) With dinoflagellate. (c) Encysted to 
digest its food. 


other dinoflagellates, diatoms of flagellates (Fig. 3), or in the 
case of large species even multicellular organisms. The cell 
has engulfed its food; it is feeding like an animal. It is holozoic. 
^raetimes a species with chromatophores can eat holozoicallv 
too. It can eat in two ways, both as a plant and as an animal. 

The botanist claims the dinoflagellates as plants. The 
zoologist claims them as animals. Both have good grounds, for 
there is no distinction between plants and animals except in 


their feeding, and this often breaks down when we reach the 
unicellular forms. Dinoflagellates form a group on the border¬ 
land, perhaps more animal than vegetable. They may thus 
feed like plants or animals. Most of the naked forms living 
in the open sea are holozoic and are often found with enormous 
food masses inside them. The mouth region is the longitudinal 
groove, which is mobile and capable of much distension. The 
whole cell may be greatly distorted when a large 
meal is being taken. Sometimes it is even neces- 
sary for the creature to encyst and form a large 
r^ll^ i covering round itself whilst digestion is taking 
place, so that it may be at peace and undisturbed. 
V- 7 Perhaps the most striking carnivorous form is one 
known as Polykrikos (Fig. 4). This is conunon 
round our coasts, and is peculiar in that it is 
compound, being composed of a chain of in- 
Fio. 4. dividuals, eight in number, perpetually connect^ 
Polykrikos. together. It has eight transverse grooves mar k in g 
the individuals, but it is a curious fact that the 


nuclei lag behind and are fewer than the grooves, usually four 
in a chain of eight. Instead of regarding this as a compound 
unicellular organism some regard it as one that is on its way 
to be a metazoon, or multicellular organism. Polykrikos hsA 
progressed so far that it actually contains stinging capsules, 
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or nematocysts, similar to those belonging to hydroids and 
ielly-fishes (Fig. 5). The structure is essentially the same. 
Probably everyone knows the stinging cells of Hydra, the 
Fresh-water Polyp, consisting of a cell containing the 
nematocyst with its coiled thread and barbs. On exciting 



this the barbs and thread are thrown out, the barbs first; then 
the hollow thread, like the inverted finger of a glove, is gradually 
everted. In Polykrikos we have a capsule containing one barb 
and a thread which probably acts in a similar way, the thread 
bearing a poisonous fluid paralysing the food before it is 
engulfed. 

One other genus in this group contains stinging capsules, and 
on this account is called Nemaiodinium (Fig. 6). This is a very 



Fio. 0.—(a) Mrauttodinitim. (6)^ showing 

pusuls. (e) PouchtHa, 


tiny creature, about forty thousandths of a millimetre. Besides 
^ving stinnng capsules it also possesses a large eye with a 
beautifully formed lens. It has also chromatophores suggesting 
holophytic as well as holozoic nutrition. Pouchetia is colourless, 
a well-developed eye, and may be so twisted that both 
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girdle and longitudinal groove curve more than once round th^ 
body. This brings us to the highest forms of all, which teve 
eyes with complex lenses and also a large prod which projects 
from the region of the longitudinal groove (Fig. lo). Nobody 
has ever seen the use of this prod, but one may presume t^t 
it is a sort of tentacle for catching food as the forms possessing 
it are holozoic. Other kinds have been known to send out 
pseudopodia-like processes, similar to Amoeba, for catching food. 

Amongst the naked dinoflagellates there are also sapro¬ 
phytic species living on decaying organic matter and parasitic 
species living on or in other animals or plants. 

The thecate forms are a still larger division. These may be 
holophytic or saprophytic, but so far none are known to be 
holozoic. A very large number are colourless, pale yellow or 
pink, and of their method of feeding we know very little. 
Probably they are saprophytic. To be certain of their method 
of nounshment is one of the most important dinoflagellate 
problems. In all of these there are large vacuole-like organelles 
known as pusules (Fig. 6). These are not contractile vacuoles 
such as are present in Amoeba, where the fluid collected from 
inside the cell is ejected into the water ; the fluid in this case 
is taken into the pusule from outside. In the longitudinal 
groove of the theca is a pore through which both flagella pass; 
the pusule opens into this. It strongly suggests lading on 
fluid substances, especially as the pusule is very large in these 
forms but smaller or even absent in those with chromatophores. 

The theca is usually pierced with minute pores putting the 
protoplasm in connection with the surrounding water, and 
there may be larger openings besides the flagellar pore, notably 
one at the apex ^own as the apical pore. Many thecate forms 
have chromatophores, and some of the presumably saprophytic 
forms are capable of making starch. These have colourless 
plastids, the leucoplasts. Fat is very often contained in the 
plasma. 

We do not know much about reproduction in this group. 
Division into two, usually oblique, is frequent. Thus CeraHum 
divides into two across the theca, half having to be newly made 
in each daughter individual. Nearly all the naked forms divide 
in this way, sometimes encysting before doing so. Sometimes 
there is a complicated life-history entailing two or three stages, 
as in Gymnodinium lunula (Fig. 7}, the I^ocystis of the omer 
writers, which is a very small naked dinoflagellate, with girdle 
and two flagella. In some way as yet uiumown it encysts, 
and a relatively enormous round c^t results. In this the cell 
divides up into two, four, and eight individuals, first the nucleus, 
then the cell, and each of the eight resulting daughter cdls is 
surrounded by a half-moon-shaped qyst. These are at first 
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packed into the round cyst, are liberated, and the contents of 
each one divides again into two, four, six, or eight individuab 
which become like the original free swimming cell and escape 
from the cyst; and so the cycle goes on. 

Prof. l6>foid of California, who has worked much on thb 
group, is of the opinion that these complicated life-histories 
are common. So far we know only a very few. 

There are many parasitic dinoflagellates. Some of these 
are external and live on small free-swimming marine animab 
or on the bristles of diatoms. Others live inside small Crustacea 
or even in their eggs. In many copepods, which are very small 
relatives of the shrimp, they encyst, forming an enormous bag 
where the first cell divides into many spores, to be finally freed 
into the sea as small dinoflagellates with grooves and flagella. 



Fig, 7.—(a, b, c. i) Gymnodinium lunula, showing spore 
formation. {§) Peridimium, with spore. 

Spore formation is common in the thecate forms, the theca 
dividing either at the girdle or between the plates to allow the 
^t of one, two or more spores, each of which develops into an 
individual similar to the parent (Fig. 7). Ceratium may form 
a single spore. In certain laterally flattened marine forms with 
the theca divided laterally into two halves there is a special 
arrai^ement for enlai^ing the cell before division, a thick piece 
forming between the halves so as to distend the theca greatly. 
These are known as megacytic forms and are usually full of fat. 
When the cell divides the enlarmng piece is lost and a new half 
b added to each individual. The jug-like species, Dinopkysis 
and PhaUtcroma, all have megacytic stages (Fig. 8), and may be 
coloitfless or pink, in which case they are probably sapro¬ 
phytic, or they may have greenish or yellowbh chromatophores 
and are holophytic. These have the girdle far in front and 
guarded by willed membranes. Their relatives in the ocean 
nave the membranes enormously enlarged to facilitate flotation. 

NocHiuea, one of the chief sources of phosphorescence in 
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the sea, is the largest dinoflagellate known. Its nearest relatives 
are the tentacle-bearing forms. Interpreted as a dinoflagellate, 
it has a much-reduced girdle and transverse flagellum, owing 
to the enormous distension of the body due to vacuoles forming 
inside to enable it to float easily in the sea. Free-swimming 
spores are formed here with a more conspicuous girdle. 

Gough, when working at the Plymouth Marine Laboratory, 
made some important and most interesting investigations into 
the division and rate of multiplication in Ccratium. Working 
at night by means of successive tow-nettings taken every few 
hours, he found that Ceratium fusus, a very elongated species, 

divided rapidly at night from about 
midnight to 3.30 a.m. By 9.30 the 
formation of the new cells was com¬ 
plete, and from his observations he 
came to the conclusion that the rate 
of division for each cell would be 
once every two days under favourable 
conditions. In this way we could 
get enormous masses of one species, 
and Ceratium fusus is very luminous 
and often the cause of large expanses 
of luminescence in the sea. Rapid 
division in other forms gives rise to 
the phenomenon of " red water ” in 
tropical seas. This is usually caused 
by a thecate form, Goniaulax polyedra, 
but may sometimes be due to naked 
forms. Recently a new species was 
found to be the cause of large ex¬ 
panses of " red water ” in Japan. The sea suddenly becomes 
a deep red or chocolate colour, the cause being the enormous 
masses of these organisms with brown or orange-yellow chroma- 
tophores (Fig. 9). The sea is coloured sometimes for miles 
and for a depth of some metres. The death of the cells and 
subsequent sinking into lower regions whilst decaying is the 
cause of the death of many marine animals, even fishes, whidi 
live at the bottom, Kofoid has given pictures from California 
of large skate and other fishes, sea-cucumbers, crabs, etc., 
flung dead on the beach after one of these invasions of “ red 
water.” Apparently the floating life is not affected, many 
creatures feeding on the cells. The Pearl Oyster may feed on 
it and is in no way disturbed. 

Many other dinoflagellates occur in large numbers and are 
valuable food for various animals. Pilchards on the French 
coast are often foimd full of them, and the Egyptian Pilchard 
constantly takes a Ceratium as part of its usu£d food. 



Fig. 8.—(a) "Twin Form" 
of Dinophysis, {b) Phalacfoma, 
megacytic form, (c) Hetcro- 
morphic chain of Ctfatium iri- 
pos (after Lohmann). 
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An interesting feature in some dinoflagellates is their habit 
of chain formation. In its simplest form two individuals after 
division remain in connection (twin forms) (Fig. 8), or in other 
cases several may remain attached. In Ceraiium chain forma- 
"tion is frequent. On division the cell often does not come away 
from its sister cell, but remains attached by its apical or front 
horn to the ventral groove of the individual in front. In this 
way a long chain may be formed. 

Another very interesting phenomenon in certain Ceratium 
species is the formation of what is known as heteromorphic 
chains. One individual may divide and redivide, and a chain 
is formed. As the chain 
lengthens the latest formed in¬ 
dividual at the front end gradu¬ 
ally changes its shape so that 
at one end of the chain the form 
is quite different from that at 
the other end. In Ceratium 
tripos one of the commonest 
and widely distributed of the 
marine Ceratia, the front in¬ 
dividual is elongated and small, 
with short hind horns, whilst 
the hind one is the ordinary 
tripos form with long curved 
hind horns (Fig. 8). These heteromorphic chains are usually 
formed where the conditions are abnormal. At Kiel, where 
the salinity is low, they are frequently present. Dr. Jorgensen 
of Christiania, who has studied these chains deeply, is of the 
opinion that the short-homed forms are degenerate. If one 
examined the individuals at either end one would certainly regard 
them as different species. It is curious that the short-horned 
forms approach the very widespread freshwater species Ceratium 
hirundinella, which possibly bears out the theory that salinity 
has something to do with it, which may very well be, as the long 
curved horns of the marine forms fulfil a certain purpose in 
keeping the cell in the upper layers, which probably is not so 
necessa^ in the stiller, fresher waters. 

Environment has a profound influence on dinoflagellates. 
In fresh water we get chiefly the simpler forms usually holo- 
phytic and not with any specially adapted appendages. Small 
ponds and lakes may be full of them ; generally swift-flowing 
streams are without them. In brackish water there may be 
many, some of which form an important part of the food of 
such sedentary animals as the Cockle, Mussel, and Oyster. On 
sandjr beaches at low tide there are often to be found large 
greenish-brown patches whidi on investigation are seen to be 



Fig. 9. —Dinoflagellates causing " red 
water.** (a) GonyauUx pofyedra, the 
chief cause in America, (b) Gymno^ 
dinium san^ineum, the chief cause in 
Japan (after Hirasaka). 
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enonnoiis masses ol duaofbigdlates. The saad 4 ovii^ 8|>ecies 
have adapted themselves to a special mode of life in a most 
successful manner. Several genera may be represented, but 
all have the same characteristics. They are all flattened, either 
dorso-ventrally or laterally, they all have a mobile longitudinal 
groove, often produced into a flap by which they cling to the 
sand grains (in this way lying flat they are safe when the waves 
come over them), they nearly all have deep yellowish-brown 
chromatophores and are holophytic. They are all fairly small 
and have rather short flagella, so that although they may move 
rapidly they are not long-distance swimmers. Here we have 
predominantly the genus Amphidinium, with its girdle far for¬ 
ward and usually flattened dorso-ventrally; but it is interesting 
to find that there are certain laterally flattened forms with a 
much thicker covering which lead up to the jug-like genera 
Phalacroma and Dinophysis, which strongly suggests the origin 
of these from Amphidinium —^possibly an origin from very 
shallow water. Perhaps the most interesting of all is a Poly- 
krikos discovered by Miss C. Herdman, with a very much 
flattened cell and yellow chromatophores, without any trace 
of nematocysts, and, moreover, only two nuclei to its eight 
individuals. Again suggesting a possible coastal origin for this 
peculiar genus. 

Miss Herdmann has devoted much time to the study of these 
sand-loving forms at Port Erin, Isle of Man, where her father. 
Sir William Herdman, originally discovered the brown patches 
in the sands caused by Amphidinium (Fig. lo). Port Erin is 
not, however, by any means the only known locality for these. 
There are many on the Northumberland coast and in Wales. 
On the Californian coast at La Jolla, where much work has 
been done on dinoflagellates, many of these sand-loving species 
have been found which are of the same t3rpe, but usually dif¬ 
ferent species from those found in Britain. No doubt a careful 
survey of our sandy beaches would bring many more to light. 

Miss Herdman finds a certain daily rhythm in the appear¬ 
ance and disappearance of these organisms in the sand, depend¬ 
ing on light and tide ; a dim light such as occurs in the morning 
and evening when the sky is overcast producing the laigest 
masses, together with uncovering at low tide, when most of the 
species come to the surface. Besides the daily rhythm she fii^ 
a lunar rhythm, where the largest number occur at spring-tkdes« 
the lowest at neaps. 

Next to the beach come the coastal waters and the open sea. 
Near the coast are a number of dinoflagellates, gei^erally of a 
simple form, belonging to many genera, holozoic, holt^ytic 
and sa{H*ophytic, but as we approach the open sea their character 
is more distinct. The nak^ forms are often more highly 
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coloured, beautiful yellows, pinks, purples, and even blue occur¬ 
ring. These highly coloured species are nearly all holozoic, the 
plasma itself being coloured or containing pigment or coloured 
oily masses, but rarely containing chromatophores. These 
particularly beautiful creatures are extremely voracious, and 
are often found quite distorted with the amount of food they 
have succeeded in taking into their small bodies. In the open 
sea many of the naked forms tend to be twisted on the main 
axis, so that the girdle is twisted from 11 to 4 times round the 
body, the longitudinal groove also being twisted (Fig. 6). A 
characteristic of the dinoflagellate cell is its asymmetry, and this 
is often accentuated in the open-sea forms, an adaptation which 
enables them to adjust themselves easily in the sea water. 
These are often provided with broad membranes attached to 



Fig. 10.—(a) Amphidinium Herdmani, causing discoloration of 
the sands, (b) Omithocercus, showing expanded wings (after 
Schhtt). {c) Eryihropsis^ showing eye and *' prod '* (after Kofoid 
and Swesy). 


the ^rdle, or longitudinal groove, which may be enormously 
devcuoped and prevent sinking as a relatively enormous surface 
is exposed. We see this in the horns of Ceratium, which are 
often flattened or have broad membranes attached, but we see 
it l^t of all in the truly oceanic genus Omithocercus (Fig. lo), 
which has greatly developed wings. Dr. Johann Schmidt 
informed me that, in his collections from the open Atlantic on 
his *1 Dana *' Expedition to the Sargasso Sea to investigate 
the life-history of the eel, various species of Omithocercus were 
much in evidence. This is very likely the headquarters of the 
|;enus. Nearly all those forms with large eyes and a prod live 
m the open sea, and most of the largest naked species (Fig. 10). 

DinoHagellates are lovers of warmth, although many occur 
in northern waters. In cold climates, however, they are scarce 
io whiter and are at a maximum in summer. On our own 
Ct^ts about February, with the coming of more sunlight, those 
ininute plants, the diatoms, which constitute the floating flora 
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of the sea, occur in quantities; soon after these the dinoftagel- 
lates appear, sta3nng all the summer and well into the autumn, 
but dwindling almost to nothing in the winter. They do not 
like the absence of sun. 

The survey of the group is now finished, and several points 
of interest have arisen. 

We have in the dinoflagellates a group on the borderland 
between plants and animals. There are various problems 
relating to nutrition. Nearly related is the luminescence so 
common in these organisms. Any disturbance of the sur¬ 
rounding water causes this to appear, and there are descriptions 
of fishes and mammals coming into the area of these luminescent 
organisms and their path being illuminated by the light given 
forth by these tiny creatures. Then there are problems of 
distribution and adaptation, the latter shown very well in the 
sand-loving and many oceanic forms. Their response to 
differences in environment and hydrographical conditions is 
marked. There is the problem of their origin. They are usually 
believed to be descended from a flagellate-likc ancestor. Did 
they originate in fresh water, brackish, or sea water ? All the 
simplest forms of all the groups occur in fresh water. Is this 
their original home ? Ceratium hirundinella, the common 
fresh-water species, is enormously widely distributed. As far 
as we know, the farther we go out to sea the more highly organ¬ 
ised are the dinoflagellates. 

Perhaps, however, the most interesting problem of all is 
their relation to the multicellular animals. We see them 
clinging together after reproduction, first two, then several 
together. We see them as two, four, or eight individuals in one 
which cannot be separated. We see forms with nematocysts, 
characteristic of Ccelenterates, which are highly organised ani¬ 
mals, and with eyes with beautifully formed lenses. Surely 
these facts are highly suggestive in studying the evolution of 
all animals. 
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OUtuary: E. H. Boss and H. 0. Boss (B. B.) 

My two brothers, E. H. and H. C, Ross, were born in England 
in 1875, and were therefore eighteen years younger than myself. 
TTiey were identical twins, and were almost exactly alike. 
Educated at the Isle of Wight College, they entered the medical 
profession through St. Thomas’s Hospital. They qualified in 
1898 and joined the Royal Navy as Medical Officers about 
1902. 

My work on malaria had been completed in 1899 as regards 
its scientific bases. My efforts to get the public to reduce 
mosquitoes were opposed or ridiculed for many years, and, 
in fact, produced a great hostility against myself. But at the 
end of 1905, Sir Horace Pinching, Director-General of the 
Public Health Department of Egypt, wisely decided to com¬ 
mence anti-malaria work in that country and persuaded my 
two brothers to resign their permanent posts in the Navy in 
order to enter his department in Egypt, promising them 
permanence of tenure ; simply in order that they might follow 
my teaching as regards mosquito-control. Everything went 
well for a time (see the account given by H. C. Ross in my 
Prevention of Malaria, Murray, 1911, p. 498) ; and Sir Horace 
Pinching was very pleased with my brothers’ work. E. H. 
Ross had almost changed Port Said, where he was appointed 
Health Officer, had cleared out most of the cesspools under the 
houses, and had reduced very largely the mosquitoes (as well 
as the scoundrels) who made the town, as H. C. Ross says, 
“ One of the most disgusting ‘ holes ’ on the face of the earth.” 
Unfortunately Sir Horace Pinching, who had given every 
help, was forced by the rules of his service to retire in the 
autumn of 1907. I do not know exactly what happened, 
but apparently his successor (whose name I am glad I have 
forgotten) was not so favourably disposed towards mosquito- 
control and began to adopt tactics which are well known in 
certain services towards juniors of whom any senior happens 
to- disapprove (or is jealous of). I naturally tried to fight for 
two brothers, and wrote several letters to the Foreign 
Office ab<mt the matter, but could obtain no redress; and 

*35 
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was finally told to stop writing about than at all. My brothers 
had thus lost permanent appointments, apparently without 
any faults of their own. They came to Liverpool, while I 
was a Professor there. Fortunately, Mr. J. McFadden, a rich 
American gentleman, began to employ H. C. Ross on studying 
cancer, which he did with the result that he formed a new 
theory regarding the pathogenesis of the disease, which was 
that certain chemical substances generally or often produced 
at the site of any lesion, such as a tumour or an injury, had 
the effect of producing local over-healing by making the celb 
there reproduce very greatly. He called such chemical sub¬ 
stances " auxetics,” and he demonstrated this auxetic property 
in^ the chemical substances referred to by showing under the 
microscope that they could force human leucocytes to divide 
under the observer’s eye {Induced Cell Reproduction and Cancer, 
H. C. Ross ; Murray, 1910). 

He was, however, as unlucky as his twin brother; scarcely 
any one of the British Cancer Specialists could be persuaded 
to accept his hypothesis. I, myself, verified the auxetic 
effects of one of these chemical substances and carefully exa¬ 
mined a stained specimen which H. C. Ross had prepared, and 
wrote an article on the subject (Proc. Roy. Soc. Med., 1911, 
vol. y, pp. 103-8). This note was read at the Laboratory 
Meeting on November 7, 1911. In this particular specimen 
many of the leucocytes were actually fixed during the process 
of division—a thing which, of course, is never seen in an 
ordinary specimen of finger blood. Unfortunately, that kind of 
preparation was very difficult to make. Still more unfortu¬ 
nately, Mr. McFadden died during the war, and his researches 
were concluded about 1919, and both E. H. and H. C. Ross 
were thrown out of work. 

H. C. Ross died on board ship-coming home from Ceylon 
on December 14, 1936, and E. H. Ross died in London on 
March 20, 1928. They had both been very unfortunate. 

Mfautoi. By an loinonde Entomologist (F. W. Dry. D.8e.) 

The occupation of a general practitioner in Economic Entomo- 
]ofSy is a fascinating one. An assortment of problems exercise 
his wits. His profusion usually affords pleasant surroundings, 
change of scene, and a generous allowance of fresh air. In 
such laboratory investigations as he can carry out, intmpeised 
between spra3dng demonstrations and nursery inspectkm, he 
is not subjected to the strain of prolonged microscopical study. 
True, he at times xa&y be taken at a disadvantage. An out¬ 
break will occur of an insect pest which he does not know how 
to control. Probably he can find in the literature some remedty 
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to suggest, and invites reports on its success. But when these 
arrive in such shape as a telegram, " Absolute failure," his 
position is a little embarrassing. In his answers to inquiries 
sympathy is now apt to take the place of advice, and he may 
permit himself to point out that he does not know sufficient— 
and lacks the opportunity to discover it—about the ways of 
life of the creature, the factors which determine its abundance, 
and its relation with its environment. But give him the chance 
to do this fundamental research, what then ? 

Some few years ago in Kenya it fell to me to devote most 
of my time to work on the Coffee Bug and its two chief egg 
parasites. About three-quarters of the eggs laid by the bug 
are parasitised. A female bug is able to produce many more 
offspring than a female of either parasite species, but the life- 
cycle of the bug is much longer, and on balance both species 
of parasites can multiply at a considerably greater rate than 
their host. 

It was found in the life-history work that unmated females 
of both species of parasites produced just as many offspring as 
those that were fertilised, but with parthenogenetic reproduc¬ 
tion, as is so often the way with hymenopterous parasites, all 
the offspring were male. Mated females, however, produced 
about three females to one male, and as a similar ratio was 
obtained in parasites reared from eggs from the field one could 
be sure that sexual reproduction was the rule there. Under 
laboratory conditions, however, unless careful attention were 
given to the comfort of the insects, one of the two species did 
not yield the normal quota of the more important sex. The 
numbers of the sexes would be more nearly equal, which was 
wasteful, for a male was perfectly willing to accept even more 
than his ordained allowance of three wives. This matter, had 
breeding parasites for distribution become desirable, would 
have been of distinct importance. 

The varying fortunes of the two parasites were followed in 
the field for several years. Now one was in the ascendancy, 
now the other, the percentage of ^gs parasitised by the two 
species combined varied, and so did the abundance of the Coffee 
Bug itself. In the laboratory it was found that the two parasites 
responded differently to increased temperature, one having its 
life-cycle speeded up more. A consistent difference in fertility 
was also found. These facts, unfOTtunately, did not help very 
inuch in eiqplaining the field records. One spwies, it is true, 
did show on the whole greater powers of multiplication, and this 
species was found to be more abundant in the field when 
(MSee Bug eggs vwe plentiful. When these eggs were scarce 
the advantage af^pearra to lie with the other species, and the 
^vicnn suggestion was made that that species was the more 
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successful at hunting out eggs when their discovery entailed 
prolonged search. 

The object of all this work was to seek an understanding of 
the interactions between the three species, the host, and the 
two parasites. As stated the problem is by no means simple, 
and there were other complications. Had the aim been achieved 
it might have been possible to forestall outbreaks by liberating 
additional parasites of the appropriate species, or of the two 
species in correct proportions. At the same time, subsidiary to 
this undertaking, another project demanded attention, although 
here no progress at all was made. This was the rearing and 
feeding of coffee bugs on some inexpensive medium so that 
parasites might be reared on a large scale without the waste of 
coffee berries otherwise entailed in the support of a large colony 
of the bugs. 

Here came a rude awakening. No longer is there any call, 
from the coffee planter’s standpoint, to press further this 
imaginative enterprise. Some practical-minded exponent of 
Applied Entomology, instead of discovering how to keep coffee 
bugs alive without coffee, has found out how to kill them in 
their haunts. He employed a poison bait spray. Some 
excuse may indeed be pleaded for not having made use of that 
expedient. Spraying of any kind was thought to be useless. 
The attempts that were made were unsuccessful. The insect's 
chi tin is pretty tough, and as it pierces portions of the plant 
with its proboscis and sucks the juices from below the surface 
stomach poisons were unlikely to be effective. One was 
familiar with the use of a poison bait spray against the fruit- 
fly, but the idea of attempting such a defence against the 
Coffee Bug simply did not present itself. But someone tried it 
—^just a little arsenic, a little coarse sugar, dissolved in water, 
flicked lightly over the bushes—and in Kenya, Uganda, and 
Tanganyika it has been found to work. 

Some years ago the writer of this note was discovered, un¬ 
invited, in a field of swedes, and their irate owner was the 
reverse of pacified by the explanation that he was pursuing a 
certain insect in order to amuse himself. That assuredly was 
the measure of his achievement in studying those egg parasites 
in Kenya. Prof. P. F. Kendall, lecturing once to a class of 
students, explained a certain reluctance to put into print the 
results of the research about which he had been talking. “ I 
did not carry out this work," he said," so that I might publish 
a paper. I did it to satisfy my curiosity.” 

MMsm Alohemf (7. 0 . F. Dnus. ILBe. (Load.), RJfaiDr. (Pitfat), f XO.) 

The strong current of experimental science during tho 
nineteenth century is generally held to have proved the im- 
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possibility of realising the dream of the alchemists, namely the 
transmutation of base metals into gold. Attempts with this 
object in view are supposed to have ceased at the close of the 
eighteenth century, when it was established that each metal 
was a fixed elementary body possessing characteristic properties 
of its own which rendered it distinct from the rest. Whilst 
some alloys and mixtures could be made to simulate other 
metals, it was realised that true transformation had not 
occurred. 

The nineteenth century was not without a few dreamers who 
claimed to have made gold from other metals. One “ adept '* 
indeed has even survived to this day. Like his mediaeval 
predecessors, he projects some transmuting powders, arsenic and 
antimony sulphides, upon molten metal to obtain a golden 
product which it is asserted actually contains that metal. 
Such is the claim of M. F. Jollivet Castelot,* President of the 
Soci^t^ alchimique de France. 

During the nineteenth century one or two unscientific men 
laid claim to have obtained gold from other metals. Mention 
may be made of a certain Frenchman Tiffereau, who in 1840 
obtained gold from Mexican silver by treatment with nitric 
acid in the heat of the sun’s rays. Failure to repeat his results 
in France was attributed to the feebleness of the sunshine, but 
it subsequently transpired that the Mexican silver contained 
appreciable amounts of gold—enough to account for that 
isolated by Tiffereau. 

The idea of transmutation has appealed to the imagination 
of many unacquainted with science. Thus the Scandinavian 
writer, Strindberg, mistook some films of iron hydroxide for 
gold. For some reason he soaked paper in solutions of green 
vitriol and exposed them to his tobacco-smoke. This caused 
the appearance of a thin golden, metal-like film on the paper. 
It arose from the action of the alkaline smoke on the salt. 
According to Strindberg, the film did not show the chemical 
tests for iron, but this is very doubtful. 

Akdiemy in the sense of the search for the Philosophers’ 
Stone to convert base metal into gold is a thing of the past, but 
attempts at the transmutation of one element into another are 
still attracting attention. 

These attempts are inspired by the phenomena associated 
with radioactivity. The individual elements uranium, radium 
and thorium are continuously undergoing disintegration. In 
every case the final metallic product is lead. These disintegra¬ 
tions are natural processes which, so far, have not been sub¬ 
jected to experimental control or alteration. Efforts to imitate 

^Etudes d'Hyperekimit: CMmit et Akkimie, par F. Joluvet Castblot. 
Pp. aSjj. Paris: Libtairie cntiqQe. Smile Noury, 1928. 
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tudi tran&formatkMDs have occasionally beoi partially aucoeas* 
ful. Thus in 1919 Sir Ernest Rutherford [1] disint^;rated 
atoms of nitrogen into hydrogen by bombardment with the 
alpha-particles given off by Radium-C. 

Sir William Ramsay's conversion of hydrogen into helium [2], 
and copper into lithium have not been confirmed, and it cannot 
be asserted that the numerous recent attempts to obtain 
gold from mercury by electrical methods have been substan¬ 
tiated, although they are not without interest. 

According to modem views on the atom it should be possible 
to obtain gold by the electrical bombardment of the mercury 
atom, whereby this on losing an alpha particle should leave gold. 
This deduction has stimulated a number of physicists to try 
various methods of dislodging an alpha particle from the 
mercury atom. The Japanese Professor, Nagaoka [3], and his 
co-workers (1923) tried the effect of a large spark discharge on 
the surface of mercury emulsified with oil. The carbonaceous 
residue was stated to contain traces of gold which were detected 
with a spectroscope. 

Two Germans, Drs. Miethe and Stammreich [4] found gold 
in the black deposits on the walls of old mercury vapour lamps. 

It is well known that the ordinary mercury of commerce 
often contains traces of gold which are very difficult to remove, 
and the gold claimed to have been made by Nagaoka and by 
Miethe and Stammreich is usually believed to have been present 
originally in the mercury they used. Many attempts have been 
made by Prof. Smits [5] to convert lead into gold, but nothing 
conclusive has been proved. 

The conversion of (inflammable) hydrogen into (inactive) 
helium has also engaged attention. Indeed in 1926 Drs. 
Paneth and Peters [6] of Berlin published some experimental 
evidence which seemed to prove that they had actually effected 
this transmutation of one gas into another without the inter¬ 
vention of radioactivity. Later they announced that the 
helium which was shown to be present had leaked into thdr 
apparatus from the air. It had not been produced from the 
hydrogen they used. 
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Mhw Imt in Wwl Abiet (B. B.) 

The Thirteenth Annual Report of the International Health 
Board (Rockefeller Foundation) has some good remarks on 
Yellow Fever in West Africa. On page 153 it decides that 
“ the results of the studies are as yet inconclusive.” So we 
have thought. There are many reasons for doubting whether 
the severe non-malarious fever found in West Africa is really 
the same as the yellow fever of the American regions. I 
argued the point in a paper {Trans. Soc. Trop. Med. and Hyg., 
vol. iv, No. 8, July 1911) ; but many writers seem to ignore 
all these considerations. In the meantime the International 
Health Board is quite right in acting with great reserve toward 
the question. However, from the recent literature, the con¬ 
sensus of opinion seems to be that the yellow fever in West 
Africa is clinically and pathologically similar to yellow fever in 
South America, notwithstanding the fact that in none of the 
African cases has the Leptospira icterodies been found. (See 
“ Experimental Transmission of Yellow Fever to Laboratory 
Animals,” American Journal of Tropical Medicine, 1926, viii, 2 
(March), by Adrian Stokes, Johannes H. Bauer, and N. Paul 
Hudson. Also “ The Relation between Weil’s Disease and 
Yellow Fever,” by Dr. Andrew Watson Sellards, in the Annals 
of Tropical Medicine and Parasitology, vol. xxi, No. 2 July 
22nd, 1927.) 

Hie Devdopment ol Loeh New (Lieui-OdL W. H. Lane) 

There has been considerable controversy during the past 
few months in connection with the Inveniess-Fort William road. 
In regard to this sector of the Glasgow-Inverness highway the 
section which will entail the heaviest expenditure for con¬ 
struction will probably be from Inverness to Fort Augustus. 
The very feet that at each end of a stretch of this section there 
stands a notice warning motorists to drive with caution over 
the intervening space of ten miles is sufficient evidence in itself 
to justify the assumption that this length of ten miles will 
necessitate a new alignment of the roadway from one extremity 
to the oth^. Now, once it is admitted that a new alignm^t 
of the roadway will have to be carried through a major portion 
of this sectionj then it becomes a matter of common sense to 
aim at obtaining the best alignment possible. The question 
thm arises—does such an alignment exist ? It certainly does 
emst,, but that part of the route bordering Loch Ness is at 
present submerged. Briefly speaking—the best alignment for 
this reach would lie along the present north shore of Loch Ness. 
It will be obvious to anyone, who is at all acquainted with the 
*Iutrict, that if the surfece-level of Loch Ness could be fowled 
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sufficiently, the foundations of a roadway, which would stretch 
from one end of the loch to the other at a dead level, and wHh- 
out any dangerous comers, would be laid bare. The bottommg 
of the road would be in situ ; the material for the surfacing 
would be at hand. Could any engineer hope for a better 
legacy from nature ? The problem then resolves itself into 
the following proposition. Would it be possible profitably to 
lower the surface-level of Loch Ness so as to admit of an i8 ft. 
highway being constructed along its northern shore ? That 
query might be answered in the affirmative provided such a 
project would prove advantageous in other ways as well. 

Initially—^the fundamental basis of a scheme for the develop¬ 
ment of Loch Ness would rest on the construction of a canal 
at sea level connecting Loch Ness with the Moray Firth. 

There would not appear to be any insuperable engineering 
difficulties in the way of cutting such a canal, and the cost 
would not be excessive. What advantages, then, would accrue 
if such a scheme were put into effect ? Ships of any size could 
steam or oil direct into Loch Ness. They could thus berth 
at railhead—Fort Augustus. Fort Augustus would therefore 
become the port for the north on the east coast with Fort 
William the port on the west coast, a distance of a little over 
thirty miles separating the two ports. Surely such an under- 
takii^ would prove profitable from a trading standpoint ? 

How would it affect the railway company concerned in 
relation to its traffic returns ? With the advent of shipping of 
any and every denomination to Fort Augustus this branch 
line would, ipso facto, be converted into a main line connecting 
the east coast with the west coast, and the scale of profits 
should be increased in proportion. 

The next point at issue would be the benefits derivable 
hydro-electrically. First of all, by the construction of this 
canal an additional 52 feet or so of fall could be secured for 
any hydro-electric scheme. Two rivers of considerable volume 
empty their waters into Loch Ness, the Oich at Fort Augustus, 
and the Moriston at Invermoriston. It would be possible, at 
comparatively small expense, to harness these two rivers for 
the purpose of generating electricity of such power as would 
prove efficient and remunerative commercially without inter¬ 
fering with existing interests. Then the cutting of this canal 
would, as has already been stated, uncover an almost perfect 
alignment for the Gmsgow-Inverness highway. Furthermore, 
it would render possible the construction of an electric railway 
along the south shore of Loch Ness, thus linking up Inverness 
with Fort Augustus. 

Finally, the adoption of the scheme outlined for the develop¬ 
ment of Loch Ness would open up a wide vista of possibilities 
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aavally. During the Great War the Loch Ness basin was 
constituted a " military ” ar^ under the Admiralty. With 
the addition of a canal capable of accommodating the largest 
battleship connecting the Moray Firth with Loch Ness ; of a 
supply of electricity of enormous power ; of railway and road 
facilities, not to speak of natural defences which could be so 
utilised as to render the “ area ” almost impregnable against 
attack from the air, could not the scope of the “ area ” be 
extended to meet the exigencies of the times ? 

A Sanitanr Tragedy 

E. A. Seagar reports a very unhappy circumstance in the 
Journal of Tropical Medicine and Hygiene, March 1, 1928, 
namely the entry of malaria into Barbados. Hitherto the 
disease seems to have been entirely absent there, and the case 
is similar to that of the entry of malaria into Mauritius in 
1866. One would have thought that the local authorities 
would have taken more care regarding the entry of dangerous 
mosquitoes, but we suppose that the same thing that happened 
there has happened in most British possessions, where mosquitoes 
are apparently allowed their freedom without let or hindrance. 
Thirty years have now elapsed since the mosquito theory of 
malaria was fully established, and yet we hear that the insects 
abound in most British colonies as much as they do in many 
other places. The authorities always seem to think that the 
disease malaria does not cost them anything. It generally 
doubles the death-rate or more, as well as being an enormous 
tax on agriculture. Really, it is time to ask whether the 
British nation would not do well to hand over all its tropical 
colonies to the United States, who certainly show some intelli¬ 
gent interest in this matter. Now, in future, the Barbados 
Government will be forced to pay considerable sums in con¬ 
sequence of this new plague which has been allowed to enter 
the colony, and apparently it is scarcely possible to eliminate 
the dbease altogether in future after entry. I have always 
maintained that antimalaria sanitation is the principal test of 
efficiency in any local government. 

Xailer Hasiaere dl Lambs (B. B.) 

The Times of April 27 publishes a paragraph from its 
correspondent at Corfu on the massacre of lambs there at 
Easter time. I was in the Lake Copais district on Easter 
Sunday in 1913, and on that day was driven up the hill to the 
Valley of the Muses on Helicon, where we were given a very 
good lunch of roast lamb by a Greek farmer. Since then I 
nave always found great difficulty in eating lamb, but have 
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generally succeeded bi doing so in spite of my repugnance. 
What struck me on that day, which was a beautiful still 
morning, was the layer of smoke all down the valley, which, 
my host said, was due to the fires employed in coolang the 
lambs. But what also struck me extremely unpleasantly was 
that the numerous flocks of sheep which we met on the way 
seemed all to be huddled together with fear. The lambs had 
just been removed from the ewes, which appeared to be con¬ 
scious of their loss. It was like the Massacre of the Innocents 
described in the Bible, except that ewes were substituted for 
the human mothers. Unfortunately the massacre does not 
go on only in Greece. One often wonders whether the human 
race will ever abandon its horrible carnivorous habits, or 
whether it can ever do so, even if it wishes. The daily slaughter 
of animals for food must amount to many millions. Suppose 
that we all try ovolactarianism combined with a little vege¬ 
tarianism. There is something really horrible in the idea of 
killing and devouring young lambs and kids. 

Ihe Owtivitjr ol Orang-utans 

Sir Hesketh Bell published a very interesting though pitiful 
article in The Times in May regarding some sixty orang-utans 
which had been sent from Sumatra to Europe. These animals 
are, as he says, “ magnificent specimens, giants of colossal 
strength,” who feed ” on the fruits and succulent leaves of 
their choice ” in the great jungles of that island. They are 
now exiled from their home and imprisoned for life, presumably 
in various zoological gardens, where they will probably ulti¬ 
mately die—^for what reason ? Simply to indulge the curiosity 
of homo insipiens and a very poor class of homo insipiens at 
best. There were a number of mothers with their young 
ones amongst this party, and their sufferings during the long 
voyage to Europe, penned in small cages in which they could 
not stand upright, must have been extreme. Men like to 
preach that we may all go to heaven some day, but I wonder 
what the orang-utans will say to this theory. It is a question 
whether the real apes do not always stand outside the cages. 

We quite a^ee with Sir Hesketh Bell that something ought 
to be done to limit this trade, which appears to be almost as 
immoral as the ancient slave trade. 

Votes and Vewi 

The names of those selected for election as Fellows of the 
Royal Society this year are as follows ; G. Andrep, M.D., D.^,, 
physiolc^t; H. Bateman, M.A., Professor of Mathematical 
Physics m the Institute of Technology, Pasadena, California ; 
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C H. Browning, M.D., Professor of Bacteriology, University 
of Glasgow; S. S. Cook, engineer with the Parsons’ Marine 
Steam Turbine Co. ; W. D. Dye, D.Sc., Head of the Electrical 
Standards Section of the National Physical Laboratory ; 

C. C. Farr, D.Sc., Professor of Physics, Canterbury College, 
New Zealand ; Major Greenwood, F.R.C.P., Chairman of the 
Statistical Committee of the Medical Research Council; 
J. W. H. Harrison, D.Sc., Lecturer in Zoology at University 
College, Newcastle-on-Tyne ; W. N. Haworth, D.Sc., Professor 
of Chemistry in the University of Birmingham ; D. Keilin, 
M.A., University Lecturer in Parasitology, Cambridge ; F. L. 
Kitchin, Sc.D., Palseontologist to the G^logical Survey of 
Great Britain ; F. S. Macaulay, mathematician ; S. B. Schryver, 

D. Sc., Professor of Biochemistry, Imperial College of Science 
and Technology ; W. Stiles, Sc.D., Professor of Botany in the 
University of Reading; R. Whytlaw-Gray, Professor of 
Chemistry, University of Leeds. 

The following awards have been made by the scientific 
societies concerned : 

The Huxley Memorial Medal of the Royal Anthropological 
Institute to Baron Erland Nordenskiold for his work in South 
America ; the Messel Medal of the Society of Chemical Industry 
to Dr. R. A. Millikan ; the Gold Medal of the Linnean Society 
to Dr. Edmund Beecher, Professor of Zoology in Columbia 
University, New York ; the Perkin Medal of the Society of 
Dyers and Colourists to Dr. E. R. Schmidt of Elberfeld for 
his work on anthraquinone ; the Gold Medal of the Institute 
of Mining and Metallurgy to Sir Alfred Mond. 

Prof. T. F. Thorpe has been elected President of the Chemical 
Society and Dr. J. A. Bather President of the Palasontological 
Society. 

Dr. A. Muller has been appointed Assistant Director of the 
Davy Faraday Research Lalraratory. 

The deaths of the following well-known scientific men 
have been announced during the past quarter : Prof. A. 
Abetti, Italian astronomer; Sir D. Ferrier, neurologist ; 
Prof. W. W, H. Gee, physicist; Mr. E. W. Maunder, astronomer; 
Prof. R. Pribram, chemist ; Dr. F. Raschig, chemist ; Prof. 
T. W. Richards, For.Mem.R.S., chemist ; Mr. F. W. Shurlock, 
formerly Principal of the Derby Technical College; Mr. A. 
Siemens, electrical engineer ; Prof. E. Wiedemann, physicist. 

We would remind our readers that the annual meeting of 
the^ British Association will be held at Glasgow during the 
period September 5-12. Reduced railway fares will be available 
and the provisional programme holds promise of a most 
interesting week. Sir William Bragg's presidential address 
will deal with Modtm D 0 V 9 lopm 4 nts of ike Physical Sciences 

10 
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and timir RttaHon to Ntdionat ProbUnts, and two evening 
discourses, entitled Tht Study of Popular Sayina and Jm 
MysUry of Life, will be delivered by Prof. E. A. Westermarck 
and Prof. F. G. Donnan. The lochs, golf-courses, and engineering 
works in the district provide unusually good opportimities for 
excursions. 

The very interesting addresses delivered on the occasion 
of the centenaiy of University G>llege, London, last year have 
now been published by the University of London Press (sepa¬ 
rately, price IS. each ; bound together in cloth, 12s. 6 d.). The 
scientific articles relate the progress which has been made in 
science and engineering during the last hundred years, and 
form most valuable summaries of the outstanding achievements 
of science described by men who themselves have played no 
small part in the advance. Sir Oliver Lodge dealt with 
Physics; the late Prof. Starling with Physiology; Prof. 
Fleming with Electrical Engineering ; and Prof. Collie with 
Chemistry. 

The Year-book of the Universities of the British Empire 
for 1928 (London, G. Bell & Sons ; price 75. 6 d. net), published 
by the Universities Bureau of the British Empire, contains all 
the features which, in the past, have made it an indispensable 
handbook to those concerned with university affairs. These 
include statements of the courses and facilities for research 
available at all the universities, statements of pre-entry quali¬ 
fications, of fees, scholarships and degrees. There are, in 
addition, lists of the members of the staff at each college (with 
an alphabetical index) and a great deal of general information 
which should prove most helpful to both graduate and under¬ 
graduate students. 

The Department of Scientific and Industrial Research has 
decided to publish a monthly periodical entitled Building 
Science Abstracts, modelled on the lines of Biological Abstracts, 
or Chemical Abstracts. The cost will be met in part by con¬ 
tributions from the Institute of Builders and the abstracting 
will be done by the staff of the Building Research Station 
at Watford. (Annual subscription, los.; single copies, pd.; 
or lod., post free, from H;M. Stationery Office.) The need 
for such a periodical will be realised when it is stated that 
abstracts will be gathered from over one hundred scientific 
and technical journals ; but it is, nevertheless, rather surprising 
that the wealthy building trade should need any subsidv from 
the D.S.I.R. to obtain it; the incomparably poorer scientific 
professions manage somehow to support their own abstracts. 

Gauthier-Villm, the well-known French publishers (55, 

S uai des Grands-Augustins, Paris), have just comment 
le publication of a series of monographs under the general 
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title Mimorial des Sciences Physique. The series will be con¬ 
ducted along the lines of the existing monographs devoted to 
mathematics and is edited by MM. W. Villat and J. Villey. 
Each volume will contain about sixty pages, and will give as 
clear and concise an account as is possible df some definite 

E roblein of current interest. The first two parts have already 
een published. Fascicule I, entitled La Mdcanique ondula- 
toire, by M. Louis de Broglie, is entirely mathematical, and 
contains a good account of the development of this new 
branch of physics up to the end of 1926. Fascicule II, La 
TilSmetrie monosiatique, by M. Armand de Gramont, is, on the 
other hand, entirely descriptive. It contains an account of 
the principles employed in various types of optical range-finders 
and discusses the accuracy which can be obtained with a few 
selected examples. The volumes in preparation—some sixty 
in number—cover the whole range of modern physics. The 
price is 15 francs, plus postage, etc. 

The Committee appointed by the Safety in Mines Research 
Board to advise on the question of further research regarding 
the use of wire ropes in mines, has embodied in a Paper a 
summary of the present state of knowledge on this subject; 
and this Paper is published under the title, " Wire Ropes in 
Mines, some Notes Regarding their Manufacture and Use " 
(Safety in Mines Researdi Board Paper, No. 41, H.M. Stationery 
Office ; price, is. net). 

The first part of the Paper gives an account of the manu¬ 
facture and properties of the wire used and of the construction 
of the rope itself. For the information of those who have not 
specially studied metallurgy, these notes are introduced by a 
section on the manufacture of steel. 

The rest of the Paper relates to the selection and use of 
wire ropes under mining conditions. There are chapters on 
the factor of safety, the various types of capping, the renewing 
of the capping, lubrication, the drum, the handling and care of 
a rope, tne examination of ropes in use, and the deterioration 
of ropes during service. Guide ropes, balance ropes and 
haula^ ropes are considered as well as winding ropes. 

A list is ^ven of the more urgent outstanding problems in 
regard to which research is in progress. The Chairman of the 
Committee states in an introductory note that some interesting 
results have already been obtained and will be published 
shortly. 

The Rgiort of the Proceedings of the Imperial Agricultural 
Research Conference, held last autumn, is now available (H.M. 
Stationery Office, Adastral House, W.C.2, price is. -f sd. 
postE^). The work of the conference was reviewed in the 
April number of SasNC* Progress by its Secretary, Mr. 
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W. R. Black. The next conference is to be held in Australia 
in 1932. 

The Eighth Annual Report of the British Non-ferrous 
Metab Association shows that that body is doing its utmost 
to assist the engineering and metallurgical industries in this 
country, but that the manufacturers themselves are, as a 
whole, indifferent to the work which is being accomplished. 
The number of subscribing members remained stationary 
during the year dealt with in the report; difficulty was experi¬ 
enced in bringing the trade contributions up to the minimum 
required to obtain the D.S.I.R. grant, and the Council of the 
Association was compelled to appeal to the Department for 
a modified agreement covering the period ending December 

1929. The increased grant sought for has been provided, 
and it is hoped that a very considerable increase in membership 
will have been secured before the post-grant period begins in 

1930, The research staff of the Association was engaged during 
the year on twenty-one problems of great industrial importance. 
Several patents were sealed for the benefit of the members 
of the Association, notably one dealing with new ternary 
alloys applicable to cable sheathing and lead-pipe manufacture. 
The Association is doing most excellent pioneer work in starting 
a new Development Section to bridge the gap which must 
always exist between the research laboratory and the factory. 
The purpose of this section is to demonstrate to the manu¬ 
facturer that the new methods developed in the laboratory 
can be used, even in his factory, and that they are worth while. 
Thus to quote from the Report (p. 23): 

“ It would probably have been of little or no avail to send 
to a pipe maker copies of the results of the work done at 
Woolwich. Instead, a full-scale. experimental extrusion was 
carried out at the works of a pipe maker and the whole process 
from the alloying to the final testing of the pipe done by the 
Development Section. The result was that the pipe maker, 
instead of being called upon to read a report probably unin¬ 
telligible to him, witnessed palpable pipe coming from his own 
press and exhibiting properties of manufacture and subsequent 
performance markedly better than his standard product. 
Thus his interest was vividly aroused, and if at this stage there 
is any obstacle to the manufacture of ternary alloy pipe on a 
large scale it is certainly not lack of appreciation of the 
superiority of the material on the part of this particular maker ; 
its benefit and economics have been clearly and positively 
demonstrated.” 

The Non-ferrous Metals Association is to be congratulated 
on tackling this obvious if difficult practical problem, and 
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we can only hope that Its ent^rise will meet with due apprecia¬ 
tion from the trade before it is too late. 

The Report of the National Institute of Industrial Psycho¬ 
logy for 1927 shows that the fees paid for the services of the 
Institute during the year amounted to £\ i ,774 as compared with 
£8,600 in 1926, while the membership increased from 984 to 
1,138. The number of persons applying for vocational guidance 
more than doubled, and a large and varied series of investiga¬ 
tions of works methods were carried out, apparently to the 
satisfaction of all concerned. One investigator, for example, 
obtained practical exp>erience as an omnibus conductor, and 
was able to make many recommendations concerning the 
collection of passengers, the comfort of omnibuses, and the 
simplification of the work of the conductors. Previously the 
methods used when giving the vehicles their nightly wash 
had been simplified and perhaps, later on, the Institute will 
be commissioned to discover a means whereby all the metal 
polish on the brass work may be removed without the assistance 
of the passengers. The appeal fund reached a total of £21,211 
towards the total of £100,000 required to put the Institute on 
a permanent footing and further contributions are urgently 
needed and as thoroughly deserved. 

Preliminary arrangements are being made fw the Fifth 
International Botanical Congress, which will be held at Cam¬ 
bridge from August 16 to August 23, 1930. Prof. A. C. Seward 
has been appointed Chairman of the Executive Committee, and 
the Secretaries are F. T. Brooks, 31, Tenison Avenue, Cambridge, 
and T. F. Chipp, Royal Botanic Gardens, Kew. Early notice 
of intention to attend the Congress is requested by the Treasurer, 
Dr. A. B. Rendle, Natural History Museum, London, S.W.7, 
to whom the membership subscription of £i must be paid 
before April 1,1930. The Congress will be divided into the usual 
sections, at which papers will be read at the invitation of the 
sectional sub-committees. The discussions will be conducted 
in English, French, or German. 

We have received a copy of the first number of the I.C.I. 
Magaeine (January 1928)—the staff magazine of Imperial 
Chemical Industries, Ltd. It contains a number of articles, 
together with reports of a social character from the various 
factories of the combine. Mr. Henry Mond contributes an 
outline of the labour policy of the company, which has a 
capital of £56,000,000 and employs from top to bottom some 
50,000 men. The key-notes of the policy are Security, Co¬ 
partnership, and Contact: by these it is hoped to maintain the 
present contentment of the staff and to produce in each man 
the feeling that he is not lost in the complexity of the machine. 
Security u afforded by a new grade—^the staff grade—^to which 
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all workcov may be promoted after five years’ service. The 
privileges of this grade include payment at weekly instead of 
hourly rates, payment for bank holidays and for all certified 
sickness up to six months, and, finally, guarantee of a month’s 
notice at the termination of employment. A good attempt to 
minimise the outstanding evil of our artificial civilisation— 
uncertainty of tenure. 

Messrs. Sidgwick & Jackson have sent us the three parts of 
a work entitled Classified Problems in Physics, by D. B. Briggs, 
M.A., of Bradfield College. Part I contains exercises on 
Mechanics and Hydrostatics (pp. viii + 128, price 3s. net); 
Part II is devoted to Electricity and Magnetism (pp. viii + ia8, 
price 3s. net); and Part III deals with Heat, Light, and Sound 
(pp. viii + 184, price 3s. 6d. net). The standard is that of 
the First School Certificate examination, and a small pro¬ 
portion of the questions is drawn from papers set by various 
examining bodies at that examination. They are therefore of 
the direct make-the-candidate-think-as-little-as-possible type 
so much in favour at the present time, and a good drilling in 
them would undoubtedly form a firm foundation for success 
at any first school examination. Each section of the various 
subjects is preceded by a short outline of the principles involved 
in the solution of the exercises and by a selection of worked 
examples. Taking the volumes as a whole, Mr. Briggs has 
performed his task quite admirably and only a few minor 
blemishes are to be found. Among these are the absence of 
any proper units for momentum (“ f.p.s. units ” coming from 
a candidate is not acceptable), the use of the term ohm/cm. 
cube instead of ohm-cm. as the unit of resistivity and the 
adoption of a familiar sign convention in geometrical optics 
which most experienced examiners know to be quite useless 
at this stage. 

The papers sent to us this quarter by the Bureau of 
Standaros, Washington, are of a very technical character 
and hardly suitable for abstract here. Attention may, how¬ 
ever, be drawn to a detailed discussion of the theory and 
practice of Maxwell’s method for the absolute measurement of 
capacitance written by H. L. Curtis and Charles Moon (Scientific 
Paper, No. 564), ana to a description of a method for the 
determination of nitrogen in the gases from metals fused in a 
vacuum by L. Jordan and J. R. Eckmann (Scientific Paper, 
No. 563). 

Dr. O. Leyton has produced an excellent work on the TretU- 
ment of Diabetes MelHius (Adlard & Son, 21 Hart Street, W.C.i). 
It discusses nearl;y all the points wlfich arise in connection 
with this progressive subject, in vtdiich so many patients are 
interested. 
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The Seventh Congress of the Far Eastern Association of 
Tropical Medicine, which was held in Calcutta last December, 
and of which a full account has appeared in the Indian Medical 
Gazette of March and April, has also published a souvenir of 
the Indian Empire, which is full of matters of interest (Thacker’s 
Directorate, Ltd., 6 Mangoe Lane, Calcutta). 

Dr. C. Strickland, M.A., B.C., Professor of Medical Ento¬ 
mology, School of Tropical Medicine and Hygiene, Calcutta, 
assisted by K. L. Chowdhury, M.B., D.P.H., in collaboration 
with a number of well-known workers, has published an 
atsridged Report on Malaria in the Assam Tea Gardens, with 
pictures, tables, and charts. The Report ought to be studied 
by all planters and doctors in Assam. It is published by the 
Indian Tea Association, Royal Exchange Buildings, Calcutta. 



CORRESPONDENCE 

To the Editor of Science Progress 
MATHEMATICS FOR STUDENTS OF TECHNOLOGY 
I. From L. B. Benny, M.A., F.R.A.S. 

Dear Sir, —In a notice of my book. Mathematics for Students 
of Technology, which appeared in a recent issue of Science 
^OGRESS, the reviewer stated that “ the only serious error of 
principle occurs in the treatment of indices.” 

While I do not object to any comment, favourable or other¬ 
wise, and have never previously wished to criticise reviews of 
this book, or any other of my writings, it is, I think, permissible 
to reply to a direct charge of this nature. Failure to do so 
would naturally be interpreted as acknowledgment of its 
accuracy. 

The charge made by your reviewer is quite unfounded. 
Possibly he was misled by the preliminary paragraph, in which 
a graphical introduction is given, designed to show that the 
logical metl^od of dealing with indices other than positive in¬ 
tegers, is to give them such meanings as conform to the index 
laws which apply to positive integral indices. The algebraic 
treatment that follo^lvs is then entirely conventional and logical. 

If your reviewer will examine the contents of pages 140-a 
again I believe he will agree with me, and withdraw his charge. 
Should he persist in maintaining it, I shall at least be sinning in 
good company, including the writer of every textbook on 
algebra that I have ever examined, from Chrystal downwards 
(or is it upwards ?). 

I would add that the book has been carefully examined by 
other competent mathematicians, and has been reviewed 
widely ; apparently no other reader has been misled by the 
graphical introduction to which I have referred. 

Yours faithfully, 

L. B. Benny. 

MimictVAi. CoxxaoB, 

Bomtmniooni. 

Uuy to, 1938. 

*S* 
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II. From R. C. J. Howland 

Dear Sir, —Mr. Benny appears to believe me so incredibly 
careless as to have criticised his book without having first 
troubled to read it. I assure him that this is not so. Nor 
does a second reading of the pages he mentions incline me to 
change my opinion. 

The primary error made by Mr. Benny, in common with 
many other writers, is in believing that, when indices are 
rede^ed in terms of surds, it is unnecessary to reprove the index 
laws. The truth is that each definition is framed to conform 
at first with only one index law. The assumption without 
proof that the other laws will also remain true belongs to the 
type of mathematical mysticism that believes our symbols to 
be under some inner necessity of behaving well, however 
shabbily we may treat them. 

Contrary to Mr. Benny’s statement, Chrystal is not his 
fellow sinner in this respect. On page 182 of his first volume, 
after having defined in the usual way, he writes, “ We 
have now to show that the meaning just suggested for is 
consistent with all the Laws of Indices . . .”, and this he 
proceeds to do. His proofs are, I think, not wholly satisfactory, 
but he is in no doubt as to the necessity of giving them. 

Mr. Benny's other sin (the word is his own) consists in 
making his treatment of surds dependent on that of indices. 
Since the fractional indices are defined in terms of surds, it is 
evident that something, at least, must be known about surds 
before the laws of indices can be proved. Mr. Benny’s con¬ 
fusion of mind on this point is sufficiently shown by the follow¬ 
ing, taken from p. 145 of his book: 

“ To prom that "y/ab — y/a X y/b. 

We have = (06)* =* a* x 6* =* Vo X V6.” 

Since x* has been defined as equivalent to Vx, this “ proof ” 
may be read, 

V06 «■ y/ab = Vo X y/b = Vo X Vb, 

after which a Q.E.D. would be an impertinence. 

It is true that Mr. Benny sins in a numerous company, 
but there are textbooks, notably the Algebra of Barnard 
and Child, which avoid this particular error. To make the 
treatment quite rigorous and also quite easy is not possible, 
but the ailment can at least be arranged in such an order 
that, thou^ there are gaps, there are no vicious circles. 

In condusion, I hope that my review made it quite dear 
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that I think Mr. Benny's book a good one. If it were not so, 
it would not be worthy of criticism on a point of logic. It is 
because he has made an unusually successful attempt to be at 
once practical and sound that I would like to see this particular 
blemish removed from his pages. 

Yours faithfully, 

R. C. J. Howland. 

Ukivbiuiity Collbgx* 

London* 

33* Z9a8* 
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TOWABM A QVAlTTlTATXyB SKBBTOXiOOT. By Joseph 
Needham. MA., Ph.D. Being a review of Lm Bmm PhyiidogiaaN d« 
la Vtoondation at da la Parthdnocandaa, by Albert Dalcq, Dr-^-Sci. 
[Pp. 274.] (Paris: Les Presses Universitaires de France. Price 35 
francs.) 

The hope of most biologists is that their science shall in the 
due course of time become what is called “ exact.” This can 
mean only that although at present the expulsion of qualitativity 
from biology and the ordering of its material in quantitative 
schemes is far from complete, biologists hope that eventually 
this process will be accomplished. The accomplishing of it 
evidently involves the answers to many great and very difficult 
questions, among which the problem of what a species is and 
how it can be dealt with quantitatively is one of the worst. 
Nevertheless, this quantification of biological facts, this constant 
seizing upon those items in the external world of living things 
which can be expressed mathematically and about which the 
questions. How much ? and How many ? can be asked, has 
been proceeding at a steady and inevitable rate from a time 
already far back in the history of biology. 

The more quantitative biology becomes, the more close are 
its relationships with phjrsics and with chemistry. In linking 
up with them the marks of boundaries, plainly apparent to 
common sense, between the living dog and the dead stone tend 
to disappear, not in the sense that no differences exist between 
the two, but in the sense that the stone and the dog are products 
of the same forces operating in one case in a rather simple and 
in the other case in a rather complicated medium. That diver¬ 
sity in the external world, that pluralistic picture of the universe 
which is so dear to common sense, is thus given up for a kind of 
unification of our experience, for science has its monisms as 
well as metaphysics. Horrible things happen only when the 
two are confused, but then in full measure. We do not, indeed, 
often stop to think of the time when biology shall be an exact 
science, and it might be worth while pointing out to some that 
our object in life will not then lose its savour for being a^ieved, 
for new vistas of co-operation with the physicists will open 
out. By that time most of the jungles of ” natural histoiy ” 

<55 
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will have been ei^lored and biology and physics willfo forward 
together as the investigations of the resultant aspects of the 
larger and smaller organisms respectively. 

All that has been said about biology as a whole applies to 
embryoloiy. Probably the first appearance of the quantitative 
in embryology took place in the fifteenth century in Italy. No 
one can read through Leonardo da Vinci’s Quademi d’Anatomia 
(anatomical notebooks) without being struck by the exceedingly 
quantitative way in which he deals with the facts of embiyology. 
Aristotle and many other workers had made observations on 
the intestines of the embryo, but Leonardo’s laconic " 20 
braccias of bowels ” tells its own tale. It was Leonardo who 
noted a relationship between the length of the foetus and the 
length of the umbilical cord, it was Leonardo who speculated 
on the specific gravity of the amniotic liquid, it was Leonardo 
who wrote of the increase in weight of the developing embryo 
with such penetration that one almost expects to see a growth 
curve as one turns over the page, only to realise with a shock 
that he lived two centuries before Descartes and four centuries 
before Minot. Nor is it without significance that Leonardo’s 
embryological sketches, exquisitely beautiful in their drawing, 
are interspersed with little diagrams of wheels, cogs, chains, 
and mechanical devices. Modern embryologists are not suffi¬ 
ciently aware of the honour they ought to pay to the greatest of 
Renaissance Italians. Then in the eighteenth century there 
were a few continuations of this attitude of mind, notably in 
the work of G. Hamburger and J. B. Mazin, while the great 
Haller wrote on the growth-rate of the embryo of the chick, a 
part of his work which has not received sufficient attention. 
But evidently quantitative embryology could not proceed far 
while as yet the simple morphological groundwork had not 
been gone over, and all the researches of von Baer, Kdlliker, 
the Hertwigs, and a great number of others in " entwicklungs- 
geschichte " were necessary preliminaries to mensuration and 
numeration rather than ends in themselves. Some workers, 
indeed, have recently maintained that on the contrary mor¬ 
phology was and is an end in itself, and one of them has suggested 
that the fundamental object of the morphologists is to come' 
down to solid geometry instead of to causation as is obviously 
the physiologists’ aim. No doubt there is an element of truth 
in this view, but in so far as any morphologist holds such an 
opinion of his goal he must admit himself to be an artist search¬ 
ing for the aesthetic experience of significant form rather than 
that understanding of now the thing works which seems to be 
the essence of scientific explanation. 

Such a standpoint was not that of His, who, in his famoiia 
letter published in the ProcMdmgs of th$ Royal Society of 
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ittrgh, vividly described the opposition he encountered among 
morphological embryologists in his attempts at " entwicklungs- 
mechanik.” The opposition, however, was not long-continued, 
and since the time of His and W. Roux the mechanical quantita¬ 
tive conception of embryology has gone steadily on its way, 
followed more slowly, perhaps, than might have been expected, 
by the application of physico-chemical methods to embryology. 
It is with regard to the problem of fertilisation, standing, as it 
does, half within and half without the field of embryology, that 
the most far-reaching physico-chemical conclusions have been 
drawn. Such studies have brought important facts to light 
and have carried us a very long way indeed in our understanding 
of the fertilisation process. 

In 1919 F. R. Lillie of the University of Chicago published 
his valuable little monograph. Problems of Ferttlisaiion, but 
since that time an immense amount of work has been done on 
the subject and the time was overripe for a further and larger 
monograph. It was this work that Dalcq undertook, and now 
that we have the result to read in and to refer to, we can only 
say that it would have been very difficult to have done it better. 
His arrangement of chapters is curious in that they follow a 
reverse time-sequence to that followed by the egg-cell itself. 
After an introduction, there follows a chapter on the Physiology 
of Segmentation. Here the literature is very complete and 
fecial attention is paid to the theories of cell-division due to 
Gray, Spek, and others. It is possibly to be regretted that 
Dalcq seems to give undue credence to the measurements of 
intracellular pa by the “ micro-^crasement ” method, and the 
changes which it is said to undergo during cleavage. The 
extremely important paper by Buytendijk and Woerdemann 
in the Archiv /. Entuncklungsmechanik on this subject is not 
mentioned, doubtless because it was published too late for 
inclusion. Dalcq does, howevo*, emphasise Gray’s criticisms 
of yite as regards rhythms of CO, production by segmenting 
echinoderm eggs. Other relevant papers not mentioned include 
the work of Rapkine on respiration of echinoderm eggs after 
fertilisation. But the chapter as a whole is excellent. 

The'second chapter deals with the period elapsing between 
fertilisation and the first cleavage, and includes discussion of 
spermatozoal movement, aggregation, agglutination, antagon¬ 
ism, eg^-secretions, the receptive stage, the penetration of the 
sperm-cell and the effects accompanying it, the cortical reaction, 
monosTCrmy, polyspermy, and the general cytology of fertilisa¬ 
tion. This latter subject is continued in the third chapter, 
wWch deab with the cytology of the formation of the first 
nutotic figures, but speaks also of certain aspects of partheno¬ 
genesis. The fourth chapter is called “ The agents of fertilisa- 
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tion/’ and is mainly concerned with the specificity of sperma¬ 
tozoa and eggs and with the means by which parthenogenesis 
can be brought about. In this connection a most valuable table 
is given which shows all the agents which have been successfully 
employed in producing parthenogenesis and the eggs in question. 
The means are divided into (a) mechanical processes such as 
brushing, shaking, and especially pricking, (b) physical processes, 
such as heating, subjection to various forms of wave-motion 
(light. X-rays) and hjrpertonic or hypotonic solutions, (c) 
chemical processes such as subjection to various acids and salts, 
and finally (d) agents taken directly from living bodies, such as 
blood-serum, blood, and coelomic fluid. It would perhaps be 
going too far to say that a perfectly consistent theory of par¬ 
thenogenesis is as yet available, but we are very near it as 
Dalcq’s discussion demonstrates. 

Chapter V takes up the question of the fertilisation mem¬ 
brane and deals with it thoroughly. Mention is made of 
Faur^-Fremiet’s work with Ascaris eggs, but only to his demon¬ 
stration of the part played by ascaristerol in one of the three 
membranes, and not to his much more important finding (which 
has, however, not been repeated) that there is a diminution in 
carbohydrate inside the egg-cell after fertilisation supplying 
material for the chitinous fertilisation membrane. In Chapter 
VI the physiological results of fertilisation are considered in 
detail, such as permeability of the cell-membrane, oxidation- 
rate, heat-produetloia, and disappearance of the capacity to be 
fertilised. Here the bibliography is rather confused, for a 
paper by Mendel and Mitchell in the Journal of Biological 
Chemistry for 1911 is mentioned without any reference being 
given to it, and Loeb and Wasteneys’ work on the starfish in 
which they could not confirm the rise in respiratory rate occur¬ 
ring at fertilisation found by Warburg on the sea-urchin also 
has no reference. Bialascewicz’ name is also consistently spelt 
wrongly. A real criticism is that no explanation is given for 
Meyerhof’s low calorific quotients, and indeed they are hardly 
mentioned at all, although they have considerable importance. 
Still more serious is the criticism that Oalcq still adheres to the 
van’ t’Hoff temperature coefficient system (Qj,) instead of 
following the advances made by Crozier and his associates 
using the Arrhenius equation. Shearer’s work on glutathione 
in sea-urchin eggs, again, is accepted without criticism. 

The seventn cl^pter deals with the period fi'om maturation 
to fertilisation, i,£. the dispersion of the nuclear material, the 
formation and disappearance of the germinative vesicle. 
Cytodieresis is also discussed. Finally in Chapter VIII Dalcq 
Concludes his monograph by inquirii^; what is the essence of 
fertilisation. Membrane-formation, he says, certainly is not a 
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form of cytolysis, but their relations are coincidental. " £car- 
tons done toute id^e d’une mise en marche de d^veloppement 

3 ui d^buterait par une tentative de suicide.” He discusses the 
ouble process which seemed to be revealed by the two agents 
which were necessary in Loeb’s parthenogenetic methods. He 
devotes much space to Lillie’s t^ertilising theories, and on the 
whole rejects them. He considers that as work proceeds in this 
subject there seems to be less and less reason for supposing that 
what goes on during artificial parthenogenesis tells us much 
about what goes on during fertilisation by spermatozoa. ” The 
spermatozoon gives to the rhythms of cellular life a rapidity 
which inanimate agents do not succeed in imitating.” But it 
would be impossible to abstract the conclusions of Dalcq and 
the book itself must be referred to for them. It is curious that 
in accepting the main basis of Child’s physiological gradient 
theory to account for polarity in the unfertilised egg, Dalcq 
seems to regard it as at present incompatible with physico¬ 
chemical description, while Child himself never wearied of 
emphasising the contrary view. 

But, as will have been observed during the course of this 
review, the criticisms have been for the most part of a detailed 
character and not concerned with fundamental defects. Indeed 
from these Dalcq’s book is singularly free. It is a notable 
contribution towards a quantitative embryology, and will be 
of much help to those who walk in that path. If to it were 
added a definitive monograph on the physico-chemical aspects 
of embryology itself, leaving out the fertilisation process, the 
foundations would be laid for a fresh attack on these problems. 
Investigators would be able to ascertain easily what has been 
done and what should next be done. As for the promise of 
these lines of work, it reveals itself by its own light and needs 
no demonstratory pointings on our part. 
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Partiai Diflar^ntial Eqnatiom ol lUthematioil Phyiios. By A. G. Webstbr^ 
A.B.. Ph.D., edited by S. J. Plimpton, Ph.D. [Pp. viii + 440, with 
97 figures.]! (Leipzig: B. G. Teubner, 1927. Price M.23 stitche^, 
M. 25 bound.) 

The partial differential equations of mathematical physics are usually, one 
might almost add fortunately, linear, an important exception being the 
equations of motion of a viscous fiuidi. The investigator of a particular 
physical problem is usually aided by the special conditions appropriate to 
the materials to which his equations relate. It would, however, seem desir** 
able to treat these equations from a purely theoretical standpoint, but such a 
treatment presents features which make the subject unusually difficult and 
tedious. 

The author of the present work has reached a successful compromise by 
diluting the pure theory with copious applications to initial or teundaiy 
conditions of a genSral character. The book is extremely well written, an 
Important and useful feature being the derivation of the most important 
general equations in a preliminary chapter in which vector methods are fully 
explained and freely used. There are a fair number of misprints, mostly of 
an obvious nature, but it may be noted that the contents of the bracket in 
equation xo6^ on p. 38, for a viscous fluid, should read 

M 

grad p - M div v 

the 83rmboI being used throughout for the Laplacian operator V** 
methods of Cauchy, Green, and Volterra are fully discussed and are followed 
by a perspicuous exposition of spherical, cylindrical, and ellipsoidal harmonics. 
A special chapter is devoted to applications of these, but no mention Is 
made of Whittaker's general solution of Laplace's equation in the form 

J' f[* + t'x COB M «y sin M, «) du. *1116 book concludes with a cb^ptef 

on Integral Equations. The style is clear throughout, and the author has 
succeeded remarkably well in his endeavour to present a continuous and 
co-ordinated account of the linear equations of mathematical physics. The 
book is worthy of being regarded as a standard work on the snbject with 
which it deals. 

L. M. M-T. 

ASTBOVOMT 

An Oottine of StsUnr Astraiuani’. By Pbtss Doio, F.R.A.S. [Pp. 183, 
with 31 figures.] (London: The Draughtsman PnUishing CO.. tpt/. 
Price 7«. &.) 

Ik this little book Mr. Dolg has attempted a survey of many of the problenia 
of recent astronomical research and, it should be said, has sncceeded very weQ. 
The book is intended for readers who are familiar with the eimple ccnffisipti 

(60 
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Sticb as ** magnitade/' '* trigonometrical parallax/* and the like, and with the 
elementary principles oi spectroscopy. What mathematics there is, is a 
simple nature, and is mainly relegated to the several appendices. The author 
has taken considerable pains to collect and present in an attractive form a 
mass of statistical material which will be found useful by astronomers in 
general. The book is illustrated. 

The first part of the book contains the observational data relating to the 
stars. A rather sketchy account of the spectral characteristics of the stars 
has been hidden away in an appendix—it would have been better to have in¬ 
corporated tliis section in the text. On p. 19 there is a very good figure to 
show the preponderance of negative radial velocities of stars in the neighbour¬ 
hood of the solar apex and of positive velocities in the neighbourhood of the 
ant-apex. 

Part II deals with the Nature of a Star.** As an introduction, there is 
a brief summary, on the usual lines, of atomic structure and spectra. Then 
follows an account of Eddington’s researches on the “ Internal Constitution of 
the Stars/’ followed by a chapter on stellar evolution. 

Part III deals with the Galactic System and the external systems—^the 
island-universes—with a description of Hubble's work at Mount Wilson. 

The book is in no sense a treatise. It can be warmly recommended to 
those who desire to keep abreast of the rapid advances in latter-day astrono¬ 
mical inquiry. 

W. M. S. 


The ConitelUtioiui and their History* By the Rev. Charles Whvte. LL.D., 
F.R.A,S., F.R.S.E. [Pp. xxii+273.] (London: ChsL^ljs Grifl&n & 
Co., Ltd., 1928. Price los, 6d.) 

This work will be of value to beginners in astronomy, and not without interest 
to those who have passed the elementary stage. Dr. Wh5rte gives an account 
of the constellations and stars from primitive times and divides his work into 
seven chapters, occupying altogether about 270 pages. These deal with the 
Constellation Figures and their Origin, Diurnal Motion, the Distances of the 
Stars, the Nature of the Stars, the Signs of the Zodiac, and the Constellations 
North and South of the Equator, l^ere are star maps for each month, and 
plate charts of the Northern and Southern Heavens. The other two plates, 
w^ch represent stellar spectra, have been reproduced quite well. This book 
might be placed with advantage upon the shelves of municipal or school 

H. S. T. 


WifiiHHaniii Budbiidi der Bsparimantilphysik. Band XXIII, Ted i. 
Phosphoressens und Fluoressenz. By P. Lbnard, F. Schmidt and 
R. Tomaschsk. [Pp. xxiii -h 741, with 162 illustrations,] (Leipzig : 
Akademische Verlagsgesellschaft m.b.H., 1928, Price: M. 69 broach. 
M. 71, geb.) 

Prof, Lbnard of Heidelberg is responsible for the successful accomplishment 
of a very large number of investigations on phosphorescent compounds, and 
it is therefore very fitting that he and his collaborators should contribute a 
volume on phosphorescence and fluorescence to such an important under¬ 
taking as the WUn^Harms Handbuch der Experimentalphysik, The study of 
these compounds has been somewhat neglected in England, at any rate in 
piMely academic circles, and the huge accumulation of scientific knowledge 
which we owe to the Getman workers comes as a surprise to the general reader, 

tl 
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However, if we trouble to think of the great number of these compounds and 
the complexity of their behaviour, it is not surprising that it requires a large 
volume to set forth the accumulated knowledge in detail. This is the ex« 
planation of the fact that vol. xxiii of the HanSuch is published in two parts* 
Wrt I is now before us, and a very brief examination is sufficient to convince 
us that it exhibits the same excellent printing, binding, and illustration as its 
precursors. It deals with the general behaviour of pure phosphorescent 
compounds of the alkaline earths, with the intensity and total quantity of 
the light emitted by phosphorescent compounds, with photoelectric ejects 
observed with such compounds, the measurement of their dielectric constants 
and their interpretation, the disturbing effects of light and pressure on their 
lunodnosity, the exact measurement of the energy stored by them after ex¬ 
posure to light and their absorption spectra. Some three hundred pages of 
the book are devoted to descriptions of the methods of preparation and the 
individual characteristics of pure phosphorescent compounas. The authors 
set forth the subject-matter in a very efficient manner, and whenever possible 
they fully describe the experimental arrangements and procedure. They 
take considerable pains to supply convenient sectional references which 
enable the reader to check for himself the correctness of every important 
statement or generalisation which they make, and to supply valuable 
summaries of the main features of interest throughout the book. Clearly, 
it represents an extremely valuable addition to our available sources of in¬ 
formation on these important subjects. 

In the second part of this volume, the authors will deal with the decay 
of phosphorescent compounds, the molecular properties of the molecular 
aggregates or centres which exhibit phosphorescence and fluorescence, the 
luminous effects observed when crystals are broken, scintillations, and the 
luminous effects produced by chemical reactions at room temperature and 
by living organisms. It is very unfortunate, however, that in this volume 
the authors think it necessary to employ the term Weber instead of the 
term ampere for the practical unit of electric current. Whatever xuay be 
the historical justifleation it is somewhat late in the day to initiate such 
a change. 

L. F. Batxs. 


Heoere Metboden nnd Ergeboiise in der Hydrodynainik* By Prof. C. W, 
OsEEN. [Pp. xxiv + 337, with 7 figures.] (Leipzig: Akademische 
Verlagsgcsellschaft, 1927. Price M.22, stitched ; M.24, bound.) 

£tjtBR*s Paradox, that the ** ideal fluid of classiced Hydrod3mamic Theory 
offers no resistance to a body moving with uniform velocity, is a defect which 
robs the mathematical theory of fluid motion of much of its reality. The 
historical development of mechanics has alwa3rs proceeded fft>m the ideal 
frictionless condition to the actual state of natural motions, in which frictioa 
plB,ys an important part. Hydrod3mamic Theory has. however, been unal^ 
to pass from the ideal to the actual, and what is possibly much more serious, 
from the actual to the ideal. Agreement with experience is the only test by 
which the success or ^ure of a mathematical theory applied to nature 
may be judged, and in this respect hydrodynamics, with some exceptions, 
notably the treatment of wave motion, has signally failed. It is wra the 
object of elucidating the reasons for this failure that Prof. Oseen has writ^ 
a book which may be regarded as epoch-making in Hydrodynamic literature. 
It is clear that the properties which must be postulated for the ** ideal 
fluid in order that the resulting entity may have any real meaning for the 
physicist must be such that the solution'of a problem of motion for a viicoiti 
fluid should when the coefficient of viscosity becomes zero, with the 
solution of the correeponding problem made on the assumption that the flidd 
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ia oon^viacous. The passage to the limit of vanishing viscosity is the very 
kernel of the solution of the paradox of the classical theory, and is the central 
idea which dominates the author's work. Although this passage to the limit 
still proves elusive, Oseen has succeeded in carrying it out completely in the 
case of the linear equations obtained by his now well-known method first 
published eighteen years ago. The conclusions are in direct contradiction 
to the classical theory and in qualitative agreement with observation. The 
characteristic result obtained is the partition of the body into a hydro- 
dynamical " front " and " rear." On the front the fluid slips, in the rear it 
moves with the body, energy disappears at the interface, and the body ex- 
^riences resistance in a fluid of vanishing viscosity. Further researches by 
&ilon extend these results so as to give good quantitative agreement with 
experiment. 

The work under notice has, however, another claim to attention as giving 
a connected survey of the present state of knowledge of the motion of a viscous 
liquid and the methods available for attacking the many problems awaiting 
solution. Such an account is not readily available elsewhere, most of the 
results being published in scattered memoirs. The author lays stress on the 
integral equations by wliich fluid motion may be expressed as opposed to the 
differential equations by which the problem is usually approached. The only 
general method at present known of attacking the problem of viscous motion 
is that of successive approximations, and the use of integral equations obviates 
the necessity of proving the existence of derivatives of the second order with 
respect to the time, necessary conditions for the existence of these being of 
a very complex nature. 

The book is divided into three parts. The first part deals with the equa¬ 
tions of motion and methods for their solution. The second part is concerned 
with the solution of special problems with given boundary conditions, treated 
first by the method due to Stokes, and secondly by that of the author. The 
third part, which is in many respects the most interesting, discusses the 
problem of the limiting form of the motion under vanishing viscosity. A 
bibliography is attached which shows the extent of the author's own researches. 

Prof. Os^n is to be congratulated on producing such a clear and readable 
account of an intricate subject. His book is the first volume to appear of 
a series of Monographs on Mathematical Subjects, under the direction of 
Prof. £. Hilb, and it is to be hoped that the succeeding volumes will maintain 
the high standard set by the first. 

L. M. M-T. 


tHiliim and DyilAllllOi of a Parttolt* By William Duncan MacMillan, 
M.A., Ph.D. [I^. xviii + 430, with 184 figures.] (London: McGraw- 
HtU Publishing Co., Ltd., 1927, Price 235. net.) 

Ttex author states in his preface that this book is designed as a textbook in 
mechanics for colleges and universities, particularly for those interested in 
astronomy, physics, or mathematics. An able exposition is given of the 
behaviour of a particle under Newton's Laws of Motion, but probably the 
modem physicist would require a rather different treatment. The author 
has developed the subject from the beginning and in great detail. It is 
therefore a pity that the First Law of Motion on p. 36 was not more carefully 
stated. Free use is made of vector methods, which are fully explained, and 
it is refreshing to find that the poundal has been restored to its ^per place 
as the unit of force in the foot-pound-second system of units, The book is 
divided into three parts, of whi^ the fixst deals with the fundamental con- 
espts of mechanics. In Chapter VI the centre of gravity is detoed to ^ 
tte same as the centre of mass. The existence of a centre of gravity implies 
the assumption that the weights of the particles form a system of parallel 
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forces. This assumption may be unjustifiable in the case of a very extsfified 
body. Part II is concerned with statics and gives a comprehensive account 
of equilibrium and stability. There is also a valuable chapter on the statics 
of deformable bodies, the treatment being clear and simple. Part III treats 
of the dynamics of a particle, and is possibly the best part of the book. A 
comprehensive survey is given of the various problems that arise, together 
with an account of Lagrange's method and Hamilton’s Principle. The book 
is well supplied with examples and can be recommended. 

L. M. M-T. 


The Great Physicists. By I. B. Hart, Ph.D., B.Sc. [Pp. vi + 137.] (Lon¬ 
don : Methuen & Co. Price 3s. 6d. net.) 

This little book forms one of a series on the great scientists, written in a 
popular style, and intended to appeal to those who have little or no know¬ 
ledge of the subject. The book in hand is ably written from this point of 
view, and should stimulate interest in a branch of history which has inspired 
a number of new books in the last few years. The author's method is to 
take some twenty-five famous men, and write short biographies of them, and 
through them to illustrate the physics of their times. I'his scheme has the 
advantage of popular appeal through anecdote and quotation, but it leads to 
historical errors, in that discoveries are assigned to some of these men in 
cases where research has shown that lesser-known men had priority. This 
is noteworthy in connection with Galileo, and the history of the thermometer. 
However, we must take the book for what it sets out to be—the author dis¬ 
claims any intention of making it a history of physics—and we must cordially 
admit that, as an introduction to the serious study of scientific history, the 
author has succeeded in writing a stimulating book. 

E. a R. 


Ibe Higher Ooal-tar Hydrocarbons. By Arthuk Erkbst Everest, D.Sc.» 
Ph.D., F.I.e. PE^. xiv + 334.] (London: Longmans, Green * Co., 
1927, Price 18s. net.) 

The importance of coal-tar hydrocarbons in the manufacture of dye inter¬ 
mediates is generally realised, and it is perhaps for this reason that so much 
popular interest is taken m coal-tar products. The number of compounds 
wl^h have been isolated from coal-tar is so large that it is convenient to 
treat the difierent classes separately. Thus the present book deals only with 
hydrocarbons, excluding naphthalene and anthracene, about which so much 
information is readily available; the reader thus finds that here the acenaph* 
thene, fluorene and phenanthrene groups are very fully treated. The book 
opens up a large field of work which has as yet been but partly explored, and 
in itself is an incentive to further research. 

Much detail is given of the isolation and purification of the compounds, 
together with the determination of their structure and the methods of syn¬ 
thesis employed. The compounds themselves, together with their derivatives, 
are described very fully with their physical properties. A large number of 
references is given, and the work should prove of ^cat value both as a text¬ 
book and reference book for this branch of the subject. 

Incidentally the question of the numbering of these ring systems calls 
for comment; it seems a pity that one system cannot be agreed upon univer- 
aally, hi order to prevent confusion, 

Jf. H* E« 3.^# 
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Baomt AdviaoM In Orntnlo CbmMrf. By Alfred W, Stewart, D.Sc. 
Fifth Edition. [Vol. I, pp. xiv + 387. VoL II, pp. xiv 4- 382.] 
(London : Longmans, Gr^n A Co.. X927. Price 215. net each vol.) 

The success of the previous editions of this book has been such that the writer 
feels that this, the fifth edition, needs but little introduction. 

In this edition the book has been published in two volumes, thus more 
space is available for accounts of new work, and also for the reinsertion, after 
revision, of parts of the earlier editions which had been crowded out owing to 
lack of space. Other chapters have also been rewritten and brought up to 
date. Each volume has its own subject and author index, and may therefore 
be used separately. The one objection to this procedure is that the cost of 
the two volumes together is now somewhat high. 

The various sections are not merely summaries of recent work, inas¬ 
much as that earlier work is Included, thereby making the survey complete, 
so that the reader has collected for him, and a^anged in a very readable way, 
a large amount of information on various chemical themes. The book is 
clearly printed, well illustrated, and contains numerous references. It may 
be recommended with every confidence to the student preparing for his final 
examination in chemistry. 

J. N. E. D. 


Tho Bleetronlo Theory ol Valency* By Nbvil Vincent Sidgwick, M.A., 
Sc.D., D.Sc., F.R.S. [Pp. X -h 310.] (Oxford: Clarendon Press, 
1927. Price 15s.) 

Dr. Sidgwick's book is one that we can welcome wholeheartedly. The case 
of style and the skilful arrangement of the subject-matter makes the book 
delightful to read. Its value lies not so much in the number of entirely new 
ideas that it contains, for thcAe arc few, but in the way it gives definite shape 
to ideas that have been vaguely entertained for some years. The author 
succeeds in being definite without being dogmatic. This is especially valuable 
in dealing with a subject about which there has been so much vague talk. 
Care is taken throughout the book not to assign to the electron in its orbit 
properties which the physicist has found it not to possess, and thus to avoid 
the reproach that chemists sometimes bring upon themselves. 

The book avowedly aims at giving a general account of the principles of 
valency and molecular constitution founded on the Rutherford-Bohr atom. 
In effect, however, it shows the impotence of this model in its present stage 
of development in tackling the problem of molecular stability. The Bohr 
atom gave for the first time a satisfactory position to the transitional elements 
of the long periods and to the rare earth metals, and his method of interpreting 
spectra enables the number of loosely bound electrons (the electrovalency) of 
these elements to be independently determined, but it docs not give us a 
means of predicting from general principles the number of orbits that form 
a stable group. The nature of the orbit of an electron which is shared by two 
nuclei is still a mystery, and so the prospect of predicting the number of 
shared orbits which make for stability (the co-ordination number) is even 
more remote. 

In this state of affairs it would seem that an advance is only likely to be 
effected if chemists and physicists co-operate closely. Dr. Sidgwick and other 
che m ists are doing their part by endeavouring to discover from chemical and 
physico-chemical data what orbital arrangements are in fact most stable. 
This information should prove invaluable to the physicist in his task of un- 
ravelUng the tangle of the electronic orbits if only he can be persuaded to 
tegerd It 83rmpathetically. The gulf between physics and chemistry has 
been narrowing rapidly during the last decade. This book should accelerate 
Reprocess. R. K. Schofield. 
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Ihe Hum Bale aad tti AtpUoaaoni. By Auxamdar Fi3n>tAY« 

D.Sc., F.I.C. Sixth Edition, [Pp. xv 4- 326.165 figuresO (London : 
Longmans, Green & Co„ 1927, Price xos. 6 d» net,) 

Thb regularity with which new editions of Findlay^s Phase Pule have been 
called for must bo a source of justifiable satisfaction to the author. It 
is now twenty-five years since the first edition appeared. The earlier editions^ 
which did not differ greatly one from another, were widely used, and were 
largely instrumental in familiarising teachers and students in this country 
with the principles and applications of the phase rule. The situation has 
altered somewhat, however, in the last few years. There are a number of 
general textbooks in which space is devoted to a consideration of the phase 
rule, and there are also works which deal concisely and lucidly with 
more specialised aspects of the subject. Thus Findlay's Phase Pule, which 
formerly held the field almost unrivalled, has now to meet formidable com* 
petition. This, reflected as it is in the increased interval of time between 
this edition and the last, has doubtless been the reason for the extensive 
revision which the author has undertaken in preparing the sixth edition. 

On the paper wrapper we are told that the sections dealing with S3rstem8 of 
one and two components have been entirely rewritten. The preface is more 
truthful in saying that these chapters have been recast, rearranged, and to a 
considerable extent rewritten. Less than one-third of the composition is 
new, but there has been considerable reshuffling. Thus, for instance, a section 
that formerly concluded Chapter IV and acted as a general summary of the 
properties of one-component systems, has been transferred bodily to Chapter 
III to serve as an introduction to a study of these systems. The change is 
not an unqualified success, and these alterations do not lessen the diffuseness 
which has always been a weakness of the book. 

On the other hand the treatment of a number of equilibria has been 
rendered more quantitative, and so more precise, by the use of the Clape3rron- 
Claussius equation. This is a step in the right direction, and considerably 
enhances the value of the book. At the same time, the use of kilograms 
per square centimetre as a unit of pressure, rather than the bar or the atmo* 
sphere, is unfortunate, and calculated to provoke the ire of physicists. A 
number of examples of recent applications have been added throughout the 
book, thus bringing the text more up-to-date, R, K, Schofield, 

Xha Theory ol Emnlsioiis and fhdr Teohnioal Ttmtmmit. By W. Clavtoh^ 
D.^., F.I.C, Second Edition. [^. xii -f 283, illustrated.] (Lon* 
don: J. & A. Churchill, 1928. Price 155. net.) 

This work on the applications of emulsions is already sufflciently well known 
to need no fresh intr^uction to chemists. The first edition was pubhahed in 
1923 tmder the title of ” The Theory of Emulsions and Emulsification,’' and 
it is a sufficient indication of the general appreciation of the work that a new 
edition is now called for. 

The range of treatment is somewhat wider than in the original edition^ 
and covers recent quantitative work on various aspects of emulsions, in 
particular the measurement of surface and interfacial tension and the deter* 
mination of the size fri^quency analysis of emulsion globules. 

In addition, special attenrion has been paid to the technical applications 
of the subject, such as the manufacture of milk, butter, margarine, ointments, 
soam, detergents, etc., the importance of which needs no emphasising, and, 
as Prof, Donnan points out in his Foreword, Dr. Cla3rton is exceptimaUy 
well qualified to write such an authoritative work on this sut^t. 

A number of excellent illustrations have been included, in particular 
some admirable micro^hotographs of emulsioiui by Prof. W. Seifric of 
Philadelphia, 
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There are three short appendices, ( 1 ) '' Theory of Emulsion Stabilisation 
by Solid Particles/' by Proz. W. Hamsden; ( 11 ) a list of" Emulsifying Agents 
lor preparing technic^ oil/water Emulsions "; (III) a list of references to 
the Separation of Technical Emulsions, particularly crude Oil Fuel Emul¬ 
sions/* In addition there is a bibliography of 24 pages, and an excellent 
Index, so that the book will undoubtedly continue to occupy the very high 
place already won by the hrst edition. 

F. A. Mason. 

OXOLOOT 

ATtetbooko! Oeology. 4th Edition. By Philip Lake. M.A., F.G.S., and 
R. H. Rastall. Sc.D., F.G.S. [Pp. xiv + 520, 134 figures, 33 plates.] 
(London: Ed. Arnold Sc Co., 1927. Price 21s. net.) 

The well-deserved popularity of Lake and Rastall ** is illustrated by the 
appearance of a fourth edition, after an interval of five years. The size of 
the volume has been increased by only 12 pages, but a considerable amount 
of revision has nevertheless been accomplished. New sections deal with the 
chemical composition and structure of the earth as a whole, the decomposition 
of common minerals in weathering, ironstones, salt-domes, and the causes of 
magmatic difierentiation. The chapter on ear^ movements has been revised 
in view of modem work on orogenesis and isostasy, and a brief note on theories 
of continental di^ has been introduced. In the strati^aphical part, by Mr. 
P. Lake, the most extensive changes have been made in the account of the 
Devonian System. In this edition, however, as in the last, no mention is 
made of the Moinian and Dalradian formations in the account of the Pre- 
Cambrian rocks of Scotland, although these formations together cover by 
far the greater part of Pre-Cambrian Scotland. It is also still stated (p. 389) 
that most of the lava-flows of the Scottish Lower Carboniferous are andesitic, 
although on p. 504 the basaltic nature of these eruptions is recognised. They 
arc not, however, connected with the Cadedonian folding, as is here implied. 
We must deprecate the misuse of the term " teschenite (p. 254) for the group 
of dolerites containing felspathoids, etc. The term ''alkali-dolerite " might 
have been more appropriately used in its place, especially as the terms 
^'alkali-gabbro " and ** a£kali-bagalt *’ find places in the nomenclature adopted. 

Notwithstanding these small points of criticism and correction, ” Lake 
and Rastall ** thoroughly maintains its reputation as the ^t textbook of 
geology, of intermediate size, to put into the hands of British students of 
science. 

G. W. T. 

Wto Itnietiira of tlia Alpa. By L. W. Collet, D.Sc. [Pp. xii + 289. 63 
figures, 12 plates.] (London: Ed. Arnold Sc Co., 1927. Price, i6s. 
net.) 

While Prof. Collet’s book on the structure of the Alps is offered to the student 
and general reader as less detailed and technical than many other accounts, 
yet me subject is so complex, and its details so abundant, that we fear his 
aim is still unrealised. However, Prof. Collet has made an heroic attempt to 
perform what many geologists will consider as a practical impossibility. 
Alpine structural geology is of such colossal complexity, and its scale is so 
Imposing, that almost every investigator has had to put forward his 
Interpretation, based on detailed knowledge of only a part of the ground. 
In the multitude of counsellors how shall the student find safety ? Despite 
the small size of the book (vfds the preface) we think that it should have been 
ceznsidered necessary to include at least one general topographical map of 
the Alpe, without which the student is baflied by inability to follow the 
tUfidlynshanging ocena^ and its multitudinous place-names. 
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Vrot Collet is an exponent of the more extreme views of Alpine stnictore 
propounded by Argand and Staub, which represent the Alps as due to the 
gripping of a great geosynclinal region between Europe and Africa, as between 
the jaws of a gigantic vice. Africa is supposed to have advanced upon 
Europe, the folds being piled up in front of the advancing continent wave 
upon wave, which have one after the other curled in, broken, and the fragments 
overridden by further waves. The Eastern Alps are believed to be parts of 

Africa " which have come to rest upon Europe. The Western Alps, on this 
theory, represent the borders of the Foreland, and the great overthrust folds 
which were developed in the geosynclinal region. 

The exposition and understanding of these views require the emplo3rment 
of a whole arsenal of recondite technical terms, which are concisely explained 
in an early chapter of the work. Prof. Collet has been wise in devoting de¬ 
tailed attention to the geology of certain popular Alpine resorts, such as 
Zermatt, Grindelwald, etc., which are much visited by geologists and geo¬ 
graphers ; and his book will be of great value in the hands of workers actually 
upon the ground described. We are afraid, however, that the ordinary 
student and general reader will find the work rather difficult reading ; but if 
they will master the essential structural terms and ideas expound^ in the 
earlier chapters, the volume will repay perusal. The book is dedicated to 
Mr. E. B. Bailey, of the Geological Survey of Scotland, and Prof. O. T. Jones 
has contributed an appreciative foreword, G. W. T. 

Physioo-Chemioal Oeology* By R. H. Rastall, Sc.D., F.G.S. [Pp. vii + 
248, 62 figures.] (London : Ed. Arnold A Co., 1927. Price 15s. net.) 

Dr. Rastall's book is an account, admittedly incomplete, of the application 
of modem physical chemistry to certain geological problems. It supplies a 
real need of students and other workers in geology, who are handicapped by 
their lack of early training in those fundamental physico-chemical principles 
knowledge of which is now so necessary in order to understand modem 
developments in the science. 

The first four chapters deal with the states of matter and the principle of 
equilibrium; fusion, solidification, and solution ; isomorphism and solid 
solution; polymorphism and inversion. The principles thus elucidated 
are then applied in turn to igneous rocks in general, mineral formation in 
igneous rocks, metamorphism. rock-weathering, salt-deposits, ore-deposits, 
refractories and abrasives, and finally colloids in so far as they appear in 
geolo^cal processes. This scheme is ably carried out, and is of much value 
in bringing together those geological principles, theories, and facts which are 
united and explained by physical chemistiy. 

A statement on j>. 90 reads as if the crater of Halemaumau in Hawaii was 
identical with the giant volcano Mauna X^a. Dr. Rastall is clearly a believer 
in the alkaline-<:alc-alkaline division of the i^eous rocks, and deprecates 
even the intrusion of a spilitic series upon this simple scheme of classification. 
He does not mention that many other transgressions of this sort have been 
made within recent years. On what ap^ars to be inadequate evidence 
cancrinite is regarded as a mechanical mixture of soda-mica, calcite. and 
perhaps other molecules, and not as a true mineral species; other observers, 
however (e,g, Brdgger and Barth), regard it as a secondary or synantectic 
mineral developed by reaction between nephellne or plagioclase. and calcite. 

Norwithstanding a certain compression of statement, Dr. Rasta's book 
is clear and easy to read. It should be of gr^t use to advanced students, 
especially as it extends the ph3rrico-chemical viewpoint to weathering, meta- 
morphism, ore and salt deposition, refractories, and abrasives, and presents 
the whole subject of the application of physical chemistry to geological 
problems in a mmple and not too detailed and technical maxmer. 

G. W. T. 
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Owhirdinf, By V. JL Gardnek, P. C. Bradford, and H. D. Hooker. 

[Pp. xi 4- 311, with 136 figures.] (London: McGraw Hill Publishing 

Co., 1927. Price 15s. net.) 

CoKSiDERiKG the vast importance of fruit-growing to the community through¬ 
out the world, it is surprising how difficult it is to find in the literature of the 
subject information which combines practical considerations with the funda¬ 
mental principles upon which they are based. From that point of view this 
book on orcharding ” is particularly enlightening in that it makc.s a definite 
attempt to put a scientific explanation to problems of fruit-growing that are 
matters of common knowledge. For instance, it is universally accepted that 
apple-trees tend to bear well one year and badly the next, but the reason for 
this is seldom elucidated, and the illustrated explanation here given is wel¬ 
come. A preliminary account is given of the growth and nutrition of fruit- 
trees, special attention being devoted to the formation of fruiting habits and 
the question of the tree's carbohydrate supply. Later chapters deal with 
the factors which make for productive orchards, and bear on the questions of 
pollination, winter injury, orchard sites, propagation, and grafting. The 
practical man will find much that is helpful on the subjects of training and 
pruning, aided by the photographs illustrating the points dealt with. Under 
modem systems of orcharding it is becoming increasingly realised that 
quality pays, and far greater attention is now given to keeping the trees clean 
and free from disease by the use of appropriate sprays, both against insect 
and fungus pests. Furthermore, the best quality fruit loses half its value 
unless it is attractively packed, and the importance of the small details in 
finishing the fruit for market is therefore emphasised, together with the best 
means of transportation and refrigeration where necessary. 

As a business, orcharding depends for its success upon the appropriate 
association of details. The choice of a site, its location and aspect, the selec¬ 
tion of varieties suitable for growing and marketing, operating expenses such as 
8pra5dng, cultivation and manuring, must all receive consideration in relation 
to the particular local circumstances, and when the fruit is produced the 
methods of packing, grading, and marketing may make all the difierence 
between success and failure. 

W. E. B. 


Kyoorrbiia. By M. C. Rayner. New Phytologist Reprints No. 15. [I^. 
iv 4 * 246, with 64 figures.] (London: Wheldon & Wesley. Price 
2IS, net.) 

The work before us, which is a reprint of a series of articles that apj^ared in 
the N0W Phytologist, vols. xxv and xxvi, is a welcome addition to the literature 
on the biology of plants, the more so that the present account includes an 
extensive bibliography of a rather widely scattered literature. 

The subject-matter is divided into three sections, dealing respectively 
with the early work on the subject {1840-80), the observational period 
from 1880-1900 (pp. 7’-5o), and the modem experimental and observational 
work which, with the bibliography of nearly twenty-one pages, occupies the 
remainder of the text. 

There are few problems connected with the biology of organisms of greater 
interest than their mutual relations, and the exact status of the partners in 
the mycorrhizal association has attracted numerous investigators. The 
Rttthqms baa shown that in Calluw the entire plant is infected and each seed 
beam with it the mycelium that ensures infection of the seedling, an obligate 
condition which probably enables the Heather to obtain soluble nitrogenous 
tnuD^iancea from the acid soils in which it most commonly grows. In 
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contrast to this condition some orchids exhibit intermittent infection* whUit 
some of our native plants* such as the wild arum* exist both in the infected 
and in the non-infectad condition. Such marked differences in the association 
suggest that neither the view that we are dealing with controlled parasitism 
or the view that there is mutual benefit is entirely true or false, but that there 
is probably every degree of dependence, benefit, and toleration between the 
respective partners. 

Even where an advantage from the association with a fungal partner 
seems clear the nature of the benefit would seem to be very varied. In the 
Ericaceae the benefit appears to be nutritional, but in Gasirodia, tiparis, and 
perhaps also in some B^ophyta, the parasite serves to stimulate the produc¬ 
tion of sexual organs which may be analogous to the effect of root-pruning 
on fruit-trees or adverse conditions on many algse. That is, the advantage 
may be the indirect outcome of a check to the plant's activity. Such in¬ 
stances sufficiently illustrate how fine-drawn may be the distinction between 
mutualism and parasitism. 

The method of presentation is both simple and interesting, though in parts 
a trifle diffuse in style. 

E. J. S. 


BkNrtsrehev^S Plant Respiration. Authorised Edition in English with editorial 
notes. By Prof. S. Kostychev. Translated and edited by Dr. 
C. J. Lyon, [I^. xii + 163, with ii text figures.] (Philadelphia; 
P. Blakiston's Son & Co. IMce 2.50 dollars.) 

This very readable account of the respiratory processes in plants will be 
found very useful by students unfamiliar with the extensive and scattered 
literature dealing with modem views as to the chemical changes involved 
in the respiration of carbohydrates. 

Not unnaturally the greater part of the text is occupied with that aspect 
of the subject with which the author's researches have been especially asso¬ 
ciated, namely, the relation between anaerobic and aerobic respiration. The 
old view that anaerobic or intramolecular respiration represents an adaptation 
that enables plants to survive brief periods of anaerobic conditions, as idso 
the view that it is a purely pathological phenomenon, has given place to the 
recognition of intramolecular respiration as a process that is normal in 
character and the precursor of aerobic respiration. The latter is regarded as 
utilising the intermediate products of alcoholic fermentation, but in the 
case of veast these intermemate products are in excess of the requirement 
for aerobic respiration and in large part become converted into ethyl-alcohol 
and COf. In me normal higher plant the intermediate products are held to 
be utilised as soon as formed* so that only under anaerobic conditions is the 
alcoholic by*^oduct produced. 

So far the picture presented in these pages is clear, but from the insufll- 
dency of our present knowledge the actual chain of the chemical processes 
involved is only very incompletely visualised. The views of PaUadin* in 
which hydrogen acceptors are responsible for the removal of h3rdrogeti 
both from the respiratory material and the accompanying water with the 
evolution of CO$, may prove the basis of a clearer explanation. PaUadin*i 
hypothesis is not without important experimental support, and if true impUes 
that the r61e of the atmospheric oxygen is the reactivation of the hydrogen 
accrators by removal of hydrogen combined with them. 

The numerous bibliographic references are a useful feature* but one 
would have welcomed a fuller treatment of the work of other investigators. 

B. I a 
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Bigttla. By S. T. Burfield, B.A„ M.Sc. (Liverpool Marine Biological 
Committee.) L.M.B.C. Memoirs, xxviii. [Pp. viii-f 104, with 12 
plates.] (Liverpool: at the University Press ; London: Hodder 6b 
Stoughton. October 1927. Price 65. 6 d.) 

In publishing his monograph on Sagitta. Mr. Burfield has supplied a long-felt 
want. The L.M.B.C. Memoirs are well known, the present one being the 
a8th of the series, all of which deal with common animals easily obtained, 
each describing in detail one individual species. The object of this one, 
Sagitta hipunctata, is the commonest species of Sagitta occurring of! our 
coast and a constant member of the plankton. 

After discussing the historical aspect, classification, occurrence and habits 
of Sagitta, the affmities of the Chatognatha and the methods used in his 
work, the author proceeds to a description of the animal. This is done in a 
very clear manner, and should be a great help to all students, for it entails 
much arduous and intricate work. In this small worm, little more than a 
centimetre in length, there are thirty-three recognisable muscles, eighteen 
of which belong to the head, and a function is known or suggested for each 
of these. Special attention is paid to the eyes and elaborate diagrams of 
their structure arc given, the general conclusion being that there is '* no 
image perception . . . but that the organs no doubt serve to distinguish light 
Intensity, and there will be a limited sense of directional perception." 

Development takes place in the sea, the egg pushing its way out of the 
oviduct to the exterior as soon as the spermatozoon has entered. Only about 
two days elapse before the young is hatched, as a very simple larva without 
any fo^ canal, the latter being functional in about eight days. It is not 
stated how long it takes for the worm to become mature. 

A short chapter is reserved for parasites, for which Sagitta is a favourite 
host, cestodes, trematodes, and nematodes all occurring in it at times, some¬ 
times very frequently. A particularly full and useful bibliography is given, 
and the memoir is illustrated by some clear diagrams and twelve plates. 

M. V. Lebour. 


By Reginald Crundall Punnett, F.R.S. Seventh Edition. 
(Pp. xiv + 256, with 63 figure.] (London : Macmillan & Co. Price 
8s. 6 d, net.) 

This is a very useful work, and gives very clearly an account of the Mendelian 
theory of inheritance. The simplicity of the Mendelism of twenty years ago 
has vanished with the increase in genetic experimental work, and a book of 
this type must be constantly brought up to date. Prof. Punnett explains the 
Presoaoe and Absence theory, and accepts the existence of inhibitor factors 
to explain incomplete dominance. There is an interesting chapter on Sex- 
UnkiNgc, and in the chapter on Sex and Intersex some account is given of 
the experiments of Golds^midt on the Gipsy moth, and of the work of Crew 
and witschi. In Chapter XlII the Chromosome Theory is explained, and 
the relation between chromosomes and factors is illustrated by the case of 
Drosophila; acknowledgment is made of the ingenious hy^potheses of 
American observers to explain the difference in the otfspring of grey normal 
brother and sister when crossed with the double recessive black vestigial 
male or female, but it is clear that Prof. Punnett considers more experimental 
work is required tn this branch of genetics, though it has received support on 
the eytological side from the brilliant work of Prof. Morgan and others. 

Opinions on Variation and Evolution differ widely, but this book is not 
concerned with those views except indirectly; it is concerned to state the 
fheofies that arise bom a Mendelian interpretation of the phenomenon, but 
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at the some time it aeems a pity to condemn entirely to the background other 
views on Variation and Evolution. 

The final chapter deals with Man. and the difficulty of applying Mendelism 
to many characters in man is pointed out; it has been appli^ to some deformi* 
ties and diseases, and Prof, l^nnctt thinks that the clue to the inheritance of 
diseases, restricted, not absolutely but largely to one sex. such as colour blind* 
ness, is supplied by a study of Drosophila; but we must confess that we 
have found exceptions to the rules stated, since in one pedigree three colour* 
blind women are the daughters of a father who had been thoroughly tested, 
and was not colour blind, and in other pedigrees a colour-blind woman had 
sons with normal colour vision. 

Biologists will differ as to the value of this or that theory of inheritance, 
of this or that experiment and the deductions from it, but an understanding 
of the basis of each theory is essential, and this book admirably supplies that 
need for the Mendelian theory of inheritance. 

WBBXCZlTfi 

Hosaoito Seduction and Malaria Prevention. By J. A. Crawford and 
B. S. Chalam. [Pp. 1-107. with 17 illustrations.] (Wesleyan Mission 
Press, Mysore City, 1927.) Second Edition. (Oxford: University 
Press. Price 45. 6d.) 

The authors of this little book have recognised the fact that success in anti¬ 
malaria and anti-mosquito work largely depends on enlightened co-operation 
between all members of the control staffs and an intelligent interest on the 
part of the local community. Their book presents the reader with a concise, 
non-technical account of the various matters connected with malaria pre¬ 
vention and mosquito control. 

A short summary of our knowledge of malaria and its causative organisms 
introduces the reader to sections devoted to descriptions of the Life History 
of Mosquitoes," " The Habits of Mosquitoes," and Preventive Work," and 
eight Appendices, the most notable of which is Appendix VII, where a 
" Table for Identifying the Females of the Anophelini of India " is included. 

The book is admittedly of an elementary character and for those for whom 
it has been designed to appeal it will, no doubt, serve the purpose of stimu¬ 
lating interest in anti-malaria and anti-mosquito measures. Here and there 
in the text, however, we have the feeling that attempts at simplification have 
gone too far and that the enthusiastic neophyte may tend towards that little 
knowledge which at times is dangerous. For instance, in discussing the 
classification of mosquitoes the following statement is made: " The Anophelini 
have only one genus Anopheles : while the Culicini have at least two— 
Culex and Aides, The latter is usually spoken of as the genus Stegomyia** 
Mosquito work would indeed be vastly simpler than it is were the latter part 
of this sentence true, for actually there are over thirty different genera of 
the Culicinit and Stegomyia is but one of the several subgenera of the single 
genus A ides. On page 20 short descriptions of the characters of the A nophelini 
and the genera Culex and Aides are given, but to attempt to differentiate the 
larvse of Culex from those of Aides with any certainty on the characters 
assigned would be quite impossible. With the exception of the Anophelini 
no attempt is made to indicate how the worker is to identify the species 
important from the standpoint of public health. On page ii Culex fatigans 
and Aides argenteus are cited as important species, yet the reader is left in 
the dark as far as the recognition of these species is concerned. On the other 
hand, the authors give much more information concerning the Indian species 
of An^heles, and include a useful table giving the distribution and types of 
breeding-places. 

Under the sections " The Habits of Mosquitoes ** and ** Preventive 
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Measures " there are many observations which are interesting and of practical 
value. The suggestion is made that no building in India should have rain- 
gutters, but instead that the water should run directly ofi the roof to fall 
on a cement ledge on the ground-level, and that the outside edge of this 
ledge should have a channel to lead the water away. There is much to be 
said for this suggestion, and we have seen this system in operation in certain 
parts of Africa. Nevertheless, it is open to abuse, and if the drainage channels 
are not periodically cleared mosquitoes will as readily breed there as in the 
gutters themselves. 

To laymen and untrained workers the book admirably presents an essential 
outline of the scope, interests, and methods of anti-malaria and anti-mosquito 
measures. 

Malcolm £. MacGregor. 

XXSOSLXJUVSOtW 

Conditioned Beflezei. An Investigation of the Physiological Activity 
of the Cerebral Cortex. By I. P. Pavlov. For. mem. Royal Society. 
Translated and Edited by G. V. Anrep, M.D.. D.Sc., Lecturer in 
Physiology in the University of Cambridge. [Pp. xv -f 430, with 18 
illustrations.] (Oxford, at the University Press. 1927.) Price 285. net. 
The appearance of this book is to be regarded as a happy event and one 
which will make history. Happy because of the good fortune which enabled 
the Royal Society to secure the help, as translator, of Dr. G. V. Anrep, 
himself a pupil of Professor Pavlov, and therefore as familiar with the subject- 
matter itself as with both the languages concerned in the original and in the 
present translation which so speedily ensued. Epoch-making because it 
opens up a new method of experimental inquiry, the consequences of which 
it is at present impossible to foretell. 

The method of investigation involves the study of reflexes acquired under 
experimentally controlled conditions. The particular reflex chosen for the 
series of problems under investigation was the secretion of saliva by dogs. 
This normally occurs when food is given or exhibited to the animal, but if 
just prior to or accompanying the feeding some previously neutral stimulus 
be given, e.g, the sounding of a particular tone of a tuning-fork, then it is 
found that after the repetition of such a ** reinforced ^'stimulus an appropriate 
number of times, the formerly neutral stimulus has itself acquired (even when 
not reinforced) the property of eliciting a flow of saliva—in other words it 
has become a conditioned stimulus. With monumental patience and con¬ 
summate skill, Pavlov and his pupils have thoroughly analysed this type 
of reflex and shown what possibilities it possesses as an instrument of research. 
For instance, to revert to the tuning-fork note, it was found that other tuning- 
fork notes could be discriminated from the positive conditioned one, and this 
provides us with an objective method of studying the animal's powers of 
dfseximination; it was shown that dogs can discriminate to one-eighth of 
a tone. Other stimuli could be investigated by analogous methods. 

Most interesting chapters are those dealing with the phenomena of inhibi¬ 
tion and sleep, which are shown to be related phenomena. Strong inhibitory 
states develop under certain conditions of experiment and it was often found 
that at these times the animal fell into a profound sleep. 

The material dealt with in this book has been accumulated during many 
years of research work and is too intricate and important to be reviewed 
adequately. All physiologists and psychologists will read the book with 
great interest and feel very grateful for the appearance in Engl^h of such a 
complete account of the subject. Hie difficulties of translation were no 
doubt considerably increased by the necessity for rendering into English 
fbr the first time the whole terminology of a new subject. 

C. Lovatt Evans, 
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Wmoxmmt 0I Air Itow. Bv B. Ower. [Pp. vil -f 199* with 73 Wm- 
tratioEs.] (London: Chapman & Hall* Price xss. net.) 

There is an insistent demand for a book, written in Engliidi, which shall 
deal adequately with apparatus and meth(^s available for determining the 
velocities of streams of air or other gases. Such determinations are of 
extreme value in industrial practice, but the methods generally employed in 
the routine of such measurements make it certain that the results achieved 
are practically valueless in the majority of cases. There is nothing inher¬ 
ently difiicult about the determination of the velocity of a gas stream. The 
gas industxy determines the volume of its huge supply through maini« 
services, etc., with an error certainly not exceeding 2 per cent. Whence 
the dificulty then ? We think it arises from the fact that the gas most 
usually metered industrially is air, and air has no monetary value. Conse¬ 
quently it is generally considered hardly worth while attempting an accurate 
determination. The consequence has been that more thm one industrial 
concern, employing only an impossible form of Pitot tube or a form of 
vane anemometer that might have been labelled found in the trenches** 
has achieved a rocketing reputation for being advanced and sdentihc. 
Apparatus adequate for ^e work would be regarded as savouring of the 
transcendental and metempiric. 

The author ohers the book as a first step to meet the needs of students 
and practical engineers. It may be of use to students; it will be of little 
use to engineers in their practical work. The book is not of a suMciently 
practical character for that purpose. We find forty-hve pages devoted to 
the design of Pitot tubes and the theory of the vane anemometer. Space 
is found (p. 52) for proving that the mean velocity of flow through a pipe 
is equal to the mean of the mean velocities through its parts. Su^ niceties 
of discussion make no appeal to the practical engineer. He wants to know 
merely what apparatus he should use, how he should use it, and would like 
tables to be supplied so that he is not troubled with calculations. This 
book doesn't meet his needs. 

It is less practical in its character than PftnneU's Fluid VUocity and 
Pressure; it is far behind Litinsl^'s Messung Grosser Gasmengen, The 
final table given in this last work is the sort of thing that app^ds to the 
practical engineer. 

In addition to matter to which reference has already been made, chasten 
in the present work are devoted to: the flow of air in pipes, plate onfioe« 
venturi, and shaped nozzle anemometers,.manometers, and electneal anemo¬ 
meters. The Ix^k is well prated on good paper; the illustrations aie 
good; there are an adequate index and inadequate bibliography. The price 
is not unreasonable. We recommend the book to students interested prin¬ 
cipally in theoretical aspects of the subject. The practitioner will lestn 
German and get Litinsky's book until an English version is available. 

J. S. G. THOMAa 


The Interaction of Pure Scientiflo Beseardi and laectfieal Engineering 
Practice. By J. A, Fleming, M.A., D.Sc., F.R.S. {Pp. x -f 235, with 
64 illustrations.] (London: Constable A Co., Ltd., 1927. Price 
155. net.) 

Prof. Fleming enjoys a high reputation as an accomplished lecturer, and we 
naturally welcome the appearance of this book, in which k reproduced in a 
very convenient form a course of eight advanced lectures delivered before the 
University of London in October and November 1926, at the Intritntian Gf 
Electrical Engineers. As its title indicatei, the book is designed to introduce 
to the pore scientist the advances which his more practical brethren have 
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iMd« possible by the discovery ol new materials with important physical 
properties and ol new appliances, and to place before the electrical engineer 
an outline of the theoretical considerations which have guided his more 
academic brethren in their labours. This does not mean that the book will 
not appeal to a wider circle of readers, for it can certainly be read and appre¬ 
ciated by all who are interested in scientific thought and scientific develop¬ 
ments, even if every reader will not agree that Government technical work 
is generally behind the times and that the men in control are usually not 
suSciently progressive or eager to break new ground. 

In his first lecture Prof. Fleming deals with electrical insulation and 
conduction, describing researches on dielectric coefficients, dielectric strengths 
and breakdown voltages, insulation resistances and improvements in the 
mechanical qualities of insulators. He also gives a brief outline of the 
electron theory of conduction in metals and discusses the electrical properties 
of pure metals and alloys. In the next lecture, on ferromagnetism, he includes 
a description of the applications of hysteretic repulsion which was discovered 
by Mordey. A very interesting summary of the history of thermionics is 
given in the third chapter, together with details of the manufacture and 
applications of thermionic valves. Glow and arc discharges and their applica¬ 
tions are described in the fourth lecture. The fifth lecture, on telephony, is 
perhaps the one which emphasises in the most convincing manner the close 
connection between pure and applied scientific research, for here we have an 
outline of the history of the telcplxone and we are given an idea of the immense 
amount of pure scientific research on the dynamics of speech sounds and the 
analysis of them and the effect of all parts of the telephone appliances on the 
wave form of the transmitted currents and the air vibrations reproduced. 
We have, too, a description of the revolutionising effect of the discovery of 
permalloy on transatlantic telegraphy, the use of the thermionic amplifier 
as a telephone relay which is so perfect that all other forms are obsolete, the 
use of wave filters, and wireless telephony. Of great practical interest is 
the sixth lecture on surges and pressure rises in electric transmission lines, 
produced by atmospheric disturl^ces, by failure of insulation or by sudden 
breaks in the circuit, and the construction of apparatus, such as the Ferranti 
Grant surge absorber, to render them harmless. The remaining lectures on 
electrochemistry and electrical measurement are equally interesting. 

The book serves a very useful purpose, and if the remarks on Bohr's theory 
of spectra do not cause the faces of the pure scientists to be brightened with 
as much joy and interest as the faces of the engineers in Prof. Fleming's 
audience (particularly when he wrote the equations for the hydrogen atom 
on the blackboard), yet they will obtain much help and inspiration from its 
perusaL 

L. F. B. 


Bmifitloilf In Milti. (Percy Sladen Memorial Fund Expedition.) Parts 
1 and II, By M. A. Murray. With Chapters by G. Caton Thompson, 
ppp. 49, vfiitk ai plates, and pp. 43, with 33 plates.] (London: 
Bernard Quaritch, 1923, 1925, Wee 75. 6 d. per vol.) 

OUTSIBR a limited number of specialists, the interest of Malta as a field of 
prshiitoric research is unrealised. This is perhaps no great misfortune. 
If the antiquities of the island had attracted attention more widely, the 
agricttitural methods of the islanders, which are. at least, in part preservative 
of their monoxnentaJ areas, might have been superseded by the more sub- 
irorslve Wftys of the hunter of antiques for the tourist trade. 

It w in m natural course of things that Miss Murray should have dedicated 
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ber book to Dr. Zammit No one can possibly speak of Maltese archsscdogy 
without reference to his g^reat work. But although he has done much him¬ 
self, and although other distinguished archaeologists have worked at intervals 
in Malta, the more the facts arc brought to light and sifted, the less susceptible 
of anything like an intelligible explanation do they appear. 

The expeditions of which Miss Murray was the leader in the successive 
seasons from 1921 to 1924, which are described in these two volumes, had 
the elucidation of certain well-defined problems as their objective. The 
excavation of the cave of Ghar Dalam was a hunt for Palaeolithic, or, more 
specifically, Mousterian Man, while Miss Murray’s work, of which the explora¬ 
tion of the megalithic site of Borg en Nadur became the main object, it was 
hoped would throw light upon the great problem of Maltese archaeology, the 
character and relation, if any, of the Neolithic and Bronze Age civilisations 
of the island. In both cases the results were negative, though none the less 
valuable for that. 

In 1917 Mr. Despott discovered in the cave of Ghar Dalam two teeth 
which exhibited the characteristic form of the teeth of Neanderthal Man. 
Apart from the intrinsic interest of any discover relating to Neanderthal 
Man, that Neanderthal teeth should be found in Malta is remarkable in 
view of the absence of anything like Mousterian implements and other 
traces of palaeolithic man in the island. Miss Galon Thompson's excavations 
during two seasons failed to produce any further evidence on the point. 
Her work, however, was by no means unproductive, for, apart from its value 
for the guidance of future explorers, it brought to light valuable data bearing 
upon the prehistoric fauna, including some new species, and has gone some 
considerable way towards the elucidation of the remarkable problem of the 
apparent association of remains of the hippopotamus vdth relics of neolithic 
man. 

At Borg en Nadur, Miss Murray was engaged on the excavation of an 
apsidal temple, and of a megalithic wall. The area of the site is considerable ; 
but it was disappointing to find that the whole had been subjected to very 
great disturbance. Careful records of stratification were kept, but proved 
on this account to be valueless. Remains of the Bronze and Neolithic Ages 
were found, comparable to those from other sites, and a number of cult 
objects. Beyond attributing a ritual significance to them, it was not found 
possible to indicate their use with any certainty, except, of course, in the 
case of the bethel-stones, with their characteristic pointed tops. Although 
the pottery was in a very fragmentary condition, characteristic types have 
been reconstructed. In her account of these finds. Miss Murray has wisely 
added descriptions of pottery from other sites. In the event, the pottery 
will probably prove the most important contribution to our knowledge 
of Maltese archaeology which has been the outcome of Miss Murray's 
labours. 

In their general results. Miss Murray’s expeditions restated the problem 
of prehistoric Malta rather than elucidated it to any degree. Here is a neo¬ 
lithic civilisation which shows no sign of contact with a Bronze Age and a 
Bronze Age which shows no sign of development, notwithstanding localised 
differences, and lasts for a very short time only. The suggestion that the 
island was merely a port of call for traders hardly seems entirely adequate^ 
though the modem position of Malta as a naval base and garrison may not be 
without significance as a pointer for early histc^. 

It is impossible to conclude without a tribute to the meticulous care 
with which Miss Murray has recorded and figured her results and to the 
fortitude and endurance of her ^lleagues ud herself in carrying on 
arduous work in the climatic conditions of a Maltese summer. And a tribute 
must also be paid to the enlightened generosity of the Maltese Government 
in hel|fing on the work* E. N. Fau*ai»* 
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MrtiOiologf. By David Bktjnt, M.A., B.Sc. [Pp. iii+ X9, with illttstra* 
tions.] (London: at the Oxford University Press, 1928. Price 
25. 6 d, net.) 

This small work gives an account of Meteorology as a branch of Physics. 
It can hardly be called a popular manual, for, although the treatment is 
non-mathematical, anyone with no knowledge whatever of physics could 
obtain only a rough general idea of the argument in some of the harder 
chapters. The manner of tackling the problem of presenting, in a very small 
space, the essential features of a big subject like meteorology, appears in 
every way commendable, and the same thoughtful care that must have been 
devoted to the general structure of the work is evident in the smallest details, 
liie absorption of the sun's heat by the earth’s atmosphere, to which Chapter 
V is devoted, is a subject usually shirked, or at least scamped, in works of 
much greater size than this. Perhaps the reason is that the authors have 
seldom, like Mr, Brunt, served an apprenticeship in astronomy before turning 
to pieteorology. 

This work should find its greatest sphere of utility in the advanced 
classes of the best schools, where there should be a science master competent 
to help his classes through most of the harder parts, but this is not 
meant to imply that any intelligent, albeit unscientific, reader could not 
learn at least as much meteorology from these pages as from any other 
handbook of the same size. It is the most thoughtful, and easily the best, 
small manual that the reviewer has so far encountered, and he has found it 
a pleasure to read. 

E, V. Newnham. 


She Lindloy Library Oatalogae ot Books, Pamphlets^ Manasoripts, and 
Drawings. [I^. viii + 488.3 (London: Royal Horticultural Society, 
1927. Price 215. net.) 


This convenient 8vo volume contains the carefully prepared and well-printed 
catalogue of the Royal Horticultural Society's Library, of which the origin^ 
nucleus was the private library of Prof. John LindJey, acquired after his 
death some sixty years ago. Building on this foundation the Society is 
now the possessor of one of the finest horticultural libraries in the world. 
The number of entries is approximately 16,000, and the issue of this catalogue 
an event of some importance. Gaps no doubt there are, but it is not easy 
to detect them. Two omissions may be mentioned. There does not appear 
to be an historical collection of examples of growers' and seedsmen’s lists 
dating as far back as such things go ; those included belong to comparatively 
recent times. Guide-books to foreign botanic gardens and similar establish¬ 
ments are not easy to find, and it would have bwn a great advantage if some 
collective indication could have been given. As with most libraries, a pre¬ 
liminary weeding out of a certain number of rather irrelevant pamphlets and 
books would have emphasised the high excellence of the collection as a 
whole, 

F. W. O. 


"Kiofrilip.** By A. M. Hooart. [Pp. x + 250.] (London: Oxford 
University Press, 1927. Price 125. 6 d. net.) 

In this work the author attempts to apply to customs and beliefs the methods 
that have been so successful in the study of language. By a eyeful analysis 
of the main features of those forms of religion in which kingship and divinity 
have appeared to be merged, he tries to trace these to a common origin, and 
to show how widespread has been the influence of such beliefs, and how they 
eontixlue to permeate the thoughts and customs even of modem civilisation. 

12 
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The author ha» been led to this study by a long association wilh the south 
Sea Islanders^ from whom he draws a good dem of his material* and this* 
together with much drawn from India and elsewhere* is subjected to a process 
of dissection after the manner of the anatomist. 

He hrst makes out his case that the earliest known religion is a belief in 
the divinity of kings* or at least that in the earliest records known man 
appears to us worshipping gods and their earthly representatives, namely 
lungs." This statement is substantiated by a variety of evidence. The 
tendency to identify the enemies of the king with the enemies of the deity* 
and to associate kingship with victory, is shown to have survived to the 
present day, as for example in our own National Anthem, and the ascription 
of miraculous powers to kings has also persisted till comparatively recent 
times. The idea that immortality could be attained by partaking of some 
magic potion can be traced in the kava of the Fijian, the ambrosia of the 
Greeks, and the soma of Vedic vitual, to the much more spiritualised con- 
cation of the sacred elements in the Christian Communion. 

The analytical method is applied in detail to the coronation ceremony* 
the component parts of which are sought for in the customs of a number of 
races. The close similarity of many of these components to rites associated 
with marriage ceremonies leads the author to the conclusion that the ordinary 
marriage ritual is but the matrimonial part of the coronation ceremony 
detached and simplihed for the use of the common people, so that " after aU 
the revolutions in thought that have shaken Europe, the marriage ceremony 
still retains the impress of its royal origin, even to the original theory on 
which the whole ritual is based." A similar analytical method is applied 
to the ordination of priests and to ceremonies of initiation, and a theory of 
their evolution as collaterals of the coronation ceremony is propounded. 

Finally, we are led to a somewhat novel explanation of the processes by 
which man " discovered " that he possessed an immortal soul. The Fijians 
believe this to be acquired at some period after birth, and the author suggests 
that it was through the spreading of ceremonies of initiation or other forms 
of consecration from kings downwards to all classes of society that the pos¬ 
session of a soul graduahy came to be regarded as not merely the divine 
attribute of the monarch* chief, or priest, but an attribute common to idl 
mankind. Thus we end with the conception that the institution of a divine 
kingship, which emerges with the dawn of human history, became gradually 
spiritualised and diffused and thus played an important p^ in the evolutkm 
of reli^ons. 

This book breaks new ground and contains much that is suggestive* and 
the conclusions which are arrived at are presented with praiseworthy caution. 


Iha Anttguity ot Hu in Bist Anglia. By J. Reid Moir. [Pp. xiii + xya* 
with 25 plates and 74 text figures.] (Cambridge University Pru* 
1927. Price 155. net.) 

It is suggested in the Preface to this book that " There is, perhaps, no other 
part of the world richer in the remains of our remote ancestors than that of 
Suffolk and Norfolk. ..." But such a contention can only be supposed 
true if a particular meaning is attributed to the phrase " our remote ancee- 
tois." Inhere is* of course,, not a shred of evidence to prove that the earliest 
human beii^ who inhabited East Anglia stood in the direct line of descent 
of modem Englishmen or anv other race of modem man. Our foremnniii 
they certainly were* but it is unlikely that they were our true anceetoxi. 
The word " remote," too* must be taken to connote the very earlieet pexiddi 
which have left evidences of human activities recognised as such by modem 
archaeologists. But if it is meant to apply to the whole of ptehigtoelo 
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eta» than it may well be qaestioned whether East Anglia has such abundant 
and diversified remains as the Dordogne region of France, or as some other 
{^uls of Europe. There are still some authorities who refuse to admit that 
the alleged relics of Tertiary man are authentic, though their number has 
been greatly reduced within the past few years. But. if their view be the 
correct one, then Norfolk and Suffolk can only claim to have furnished minor, 
though interesting, traces of early man. 

Supposing that pre-Pleistocene man lived in England, and that he left 
somewhere enduring proof of his existence, then that proof is most likely to 
be found in the late Tertiary deposits of East Anglia. Mr. Keid Moir is better 
fitted to speak of the earliest accredited remains in that field than anyone 
else. All interested in these questions will welcome this summary of the 
evidence he and others have collected, and of the conclusions he draws from 
them. The chapters devoted to pre-palaeolithic man make up only a third 
of the whole, and they are all too short. The remaining ones deal with the 
archaeology of later periods down to Anglo>Saxon times. The style in which 
they are written is calculated to attract the reader having no previous 
acquaintance with these matters, and those who have will appreciate its 
freedom from dogmatism and textbook formality. 

The first daring suggestion that a certain kind of flints found in England 
had been intentionally chipped by man in the Pliocene, or in an earlier, 
period was made by Benjamin Harrison. The Kentish gravels in which 
his Eoliths were found are of an uncertain date, but certainly of a high 
antiquity. The correlation of a similar, but not identical, type of implement 
with strata of a definite geological age was made in East Anglia by the writer 
of this book. That marked a great advance, and the theories which had 
previously seemed hazardous to almost all became widely accepted. Tlie 
fact that his own type is distinct from that found earlier is stressed by Mr. 
Reid Moir, and he speaks of “ Pre*PalaDolithic " and “ Pre-Chellean imple¬ 
ments to distinguish them from the true Eoliths. The latter are also said 
to be found in Suffolk. The most complete vindication of these theories 
would be furnished if " Pre-Palaeoliths ** were to be found associated with 
a fragment of human bone. Not only has no such find been made yet, but 
few of these flints seem to have been found with bones of any animal. But 
the workers in this field nurse the ever-present hope of. making a discovery 
which will rival that of the Piltdbwn remains. The rarity of bone is also a 
characteristic of the Palaeolithic strata of East Anglia, and. owing to that 
fact, our knowledge of some aspects of the life of prehistoric man in that 
area is always likely to be meagre compared with that derived from localities 
where caves and rock-shelters have protected many more or less perishable 
femains. A quartzite pebble picked up on the surface of the ground at 
Kavland in Suflo]]^ bears the engraved outline of a goat, and it is presumed 
to oe of Upper Palaeolithic date. Engraved flints from Grime's Graves, and 
A shaped piece of chalk from another locality—all of uncertain date—are the 
only other possible examples of Old Stone Age art in East Anglia. Like the 
earUer periods, the later ones must be known almost entirely from flints 
alone. With due reserve, however, Mr. Reid Moir advances the suggestion 
that two other kinds of relics have been found in PalaK)lithic deposits in 
his terrain. In a brickfleld at Ipswich he discovered fragments of a very 
rough and hitherto unknown type of pottery which is believed to be con¬ 
temporary with remains of the mammoth found at the same place. The 
otiier unusual, and almost tmique, find had only been described previously 
in (January 9, 1926). It consisted of two oak planks supported by 

bkcb stakes and flints disdosed at 6 feet below the present land surface. 
The wood was blackened with age and it had evidently been preserved owing 
to tlW tkct that the ground round had become water-logged. These interest- 
thg frwghiettta are tMUght to be the remains of a wind-screen, and their dis- 
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coverer does not assign them to any defixiite period, though he is evidently 
convinced of their great antiquity. He was led to eimrixnent in the shaping 
of wood with dint implements, and found that planks and stakes could be 
fashioned, and holes could be bored, with considerable success. Many dif¬ 
ferent forms of tools were found to be well adapted for that purpose. A piece 
of wood from the Cromer Forest Bed at Maundesley in Norfolk is also said 
to have been humanly shaped. The short survey of the Neolithic period 
deals almost entirely with the excavations at Grime's Graves. Long burrows 
are unknown in East Anglia, in spite of the fact that implements of that age 
are numerous. Bronze Age tumuli and artefacts have been found in oon* 
siderable numbers. 

This book is excellently illustrated with plates and text-figures. The 
frontispiece is a photograph of a large hand-axe from the Cromer Forest Bed, 
and it carries more conviction than a drawing would, however good. Fig. 5 
shows the familiar section of the North and South Downs, with the original 
surface of the chalk dome indicated by a broken line. On the very summit 
of that dome a point is marked as “ Former position of Eolithic land sur¬ 
face," but, surely, that is too much ** in the air." The skull which is figured 
in Plate XXII should be described as Neolithic or Early Bronze Age, as in 
the text opposite. The suggestion made on p. 44, that the " Cromerians " 
had larger hands than ours biicause of the large size of their implements, seems 
to be rather hazardous. Many of the references are given without dates. 

The wider aspects of these researches are dealt with in the last chapter. 
The moral is drawn that the cradle of early man may be sought for in our own 
fields with greater hope of success than in distant and unexplored Asia. 
Digging is expensive, and the ground as yet unexplored will doubtless yield 
more important evidences of man's origin and ascent than any yet found. 
It is to be hoped that Mr. Reid Moir will himself be able to continue and 
extend the work which has hitherto depended so largely on his own personal 
efforts. 


Speotrofoopy. By E. C. C. Baly, F.R.S. Third Edition, Vol III. [Pp. 
viii + 532, with 60 iUustrations and 6 plates.] (London: Longmans, 
Green St Co., 1927, Price 225. 6d.) 

This is the penultimate volume of the four which will comprise the new 
** I^ly," The first two were expanded versions of sections of the original 
book, but this is almost entirely new matter, since it is concerned with spec¬ 
troscopic applications of the quantum theory which were only in their iniwey 
when the last edition was published The first chapter, which runs to 

over 300 pages, deals wi^ line ^ctra, and the remaining three with the 
Zeeman and Stark effects and emission band spectra. 

The subject is approached from the historical standpoint, a method 
which, as the author realises, may not meet with general approval; but 
criticism is disarmed by the ability and enthusiasm he displays. As he 
remarks, there does not appear to have been anv previous attempt to tell 
the whole story of the development of our knowledge of line spectra. Never¬ 
theless, he would have done well to distinguish more carefully the results 
and methods of presentation vdiich are of purely historical interest item those 
of permanent significance. The student is likely to find more hindrance tiban 
help, for example, in the triplet scheme on p. 17, as no hint is given of dm 
inaccurades it contafus. 

The presentation throuf^ut is suited to the needs of the practical sneo 
troscopm. The theoretical aspect of the subject is by no means neglecW, 
but much more space is devoted to such questions as multiplicities and Zee- 
man resolutions. Moot writers on these mattem achieve a certain obsenrtty 
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by omission of numerical illiuitratlons, bnt no such charge can be laid at 
i%of. Baly's door. He is so generous in this respect that the continuity of 
his argument frequency sufiers by lengthy interpolations of wave-number 
tables. The very detailed and valuable accoimt of intensity measurements 
deserves to be mentioned, and the chapter on band spectra is a useful survey 
of an extensive subject. There are one or two erroneous statements, as, for 
instance, the attribution of the cyanogen bands to nitrogen (an echo of an 
almost forgotten controversy), and of W. Wilson’s work to H.A. 

The production of the book is excellent and one is grateful for the two 
comprehensive indexes. In place of the customary, and in this case well- 
earned congratulations to the author we would venture to remark that of all 
the debts which physicists owe to chemistry the chief is probably that unique 
and invaluable compound known as E.C.C.B. W. £, Gurus. 


Oriittve Sdnoation in Sehool, Consge, University, and Museum. By Henry 
Fairfield Osborn, Sc.D., D.Sc., LL.D., etc. [Pp. xiv -f 360, with 
frontispiece and 14 portraits.] (New York and London: Charles 
Scribner’s Sons, 1927. Price los, 6d. net.) 


We have grown accustomed to the shameless puds on the dust-covers of 
*• best sellers,*' but cannot reconcile ourselves to the extension of the practice 
to books of a more serious character. When, therefore, the publisher assures 
us that ** no personality in the whole world of science is more potent, more 
essentially creative as applied to present problems of education, than is 
Prof. Ostem,** our first reaction is one of unfavourable prejudice rather than 
of pleasurable anticipation. However, the duty of the reviewer is to review, 
and, having overcome an Initial repugnance for (the publisher again) this 

clarifying and valuable compendium,” we left the cover for the contents. 
On the whole, the book is well worth reading, though, owing to the large 
number of local allusions, it trill appeal more to American than to English 
readers. It is composed of a selection of educational addresses given by 
Prof. Osborn during the last quarter of a century, together with an intro¬ 
duction and a concluding chapter which serve to enclose the somewhat dis¬ 
jointed matter between them. 

The author's eminence as a biologist, and his well-known enthusiasm 
for the theory of evolution, would lead us to expect vigorous and characteristic 
views from him on the subject of education. Our hopes are realised. ” Many 
vfmxn ago,” he says, ” 1 set out to solve the so-called mystery of education ; 
1 found it to be soluble. It culminates in one great final object, which was 
learned by the leaders of Palaeolithic man 200,000 years ago, and is equally 
available to-day for the men of dirigible balloons and aeroplanes. It is, to 
loJlow the law of evolution, to follow in mind culture the principle of addition 
and accretion characteristic of all living things; namely, to develop the 
highest degree of productive power, centrifugal force, original, creative, 
individual efficiency.” The chief aim of education should be to increase the 
output of original thought and ideas, whereas, according to the author, 95 
per cent of modem education is ” the learning of facts and the memory 
thereof.” 

Plot Osborn has some very pertinent remarks to make on the subject of 


free education. He believes that American eagerness for education makes it 
iar too easy of access for the average parent as well as for the average 
child. Nine parents out of ten get education for their children with little or 
no effort on their part because ^ere is no direct tax for education. The 
cost is home aUuost entirely by a relatively small number of tax-payers, and 
the mult is that the great benefit of free State education is not properly 
^^re^ted. We tove heard similar opinions expired v^ stro^ly on 
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Fiiuklly^ it may be noted tliat the woman teacher falteimte Oebom’s 
disapproval. " Admirable as are many of our women teachers, they have 
neith^ the natural mastery nor the natural leadership in the education of 
boys; even in the education of girls, especially in the upper grades, the virile 
quality is lacking in them/* 

E, J. H. 


The Ley Hunter’s Manual: a Ouide to Early Marks. By Alfred Watkins 

[Pp. qo, with 56 figures.] (Hereford: Watkins Meter Co., XQsy. 

Price 25. net.) 

The object of this booklet, a supplement to The Old Straight Track, is to 
•' tell" everyone who does not know or does not agree that such ancient 
objects as tumuli, mottes or mounds, megaliths or “ mark-stones/* were put 
there, not for the purposes usually supposed, but as leyes or beacons to enable 
travellers to make their way in a straight line from point to point. To 
support this thesis, the writer plays ducks and drakes with the facts of 
archaeology, philology, and history, not to mention the principles of logic« 
He systematically argues in a circle. Certain objects lie along a straight line : 
therefore they must have been put there to work out such a line. It never 
occurs to him that the road or track was there before the objects were placed 
along it, as we still place buildings along a road, for reasons that are obvious 
to most intelligent persons. On Mendip, the author would find barrows 
alined upon the site of a prehistoric way. In the Aran Isles the natives still 
raise their tomb^ones and memorial crosses beside the one main road 
traversing the largest island. Mr, Watkins ** tells ** us that when the ** leys ** 
were planned Britain was comparatively bare of trees, that the Norman 
castle-mounds are pre-Roman ; that there were no villages or towns in the 
Neolithic period ; that A.-S. btac, pale, is the same word as A.-S. biac, black ; 
that coldharbour, a place-name with a perfectly intelligible meaning, is derived 
from the Welsh coel, splendour, whence also the Cole Hills—^and why not our 
friend ** Old King C^le '* ? Eveiything he sees, hears, or misunderstands is 
fresh evidence for Mr. Watkins’s fad* 


£. A. B. 
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RECENT ADVANCES IN SCIENCE 


XATKSXAZZOS. By E. C. Titchuarsh, M.A., University College, 

London. 

Some Geometrical Problems. —^The following problem was con¬ 
sidered by A. S. Besicovitch, Math. Zeitschrift, 27 , 1927, p. 312 : 
What is the plane figure of smallest area in which we can turn 
a line of given length through 360®, so that it returns to its 
original position? The answer is rather surprising. It is 
possible to do this in regions of arbitrarily small area. The 
regions considered are, of course, not convex. 

The proof depends on the following lemma : Suppose we 
divide up a given triangle into n equal parts by straight lines 
through the vertex, and allow each of these parts to move 
separately in the direction of the base, as it were on parallel 
rails along the base and through the vertex. Then we can 
dioose the number n, and the displacements of the n parts, 
in such a way that the area finally covered by all the parts 
tt^ether is arbitrarily small. A simplified proof of this is given 
by O. Perron, Math. Zeitschrift, 28 (1928), 383-6. 

Some problems of vector-regions are considered by T. 
Estermann, “ Uber den Vektorenbereich eines konvexen 
K6n>ers,” Math. Zeitschrift, 28 , 1928, 471-5. Suppose we have 
a pwne convex region K ; the line joining any two points 
of the renon^ forms a vector. Replace such vector by the 
corresponding one which starts from the origin. These new 
vectors trace out a “ vector-space," say W. What is the area 
of W? It was proved by Rademacher, and a new proof is 
^ven by Estermann, that if A(K), A(W), are the areas of 

' 4A(K) ^A(W) ^6A(K). 

The first of these inequalities reduces to an equality only 
when K is symmetrical ^out a centre, and the second only 
when K is a triangle. 

In the corresponding problem in three dimensions, let 
13 
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V(K), V(W), be the volumes of the original space and its 
vector-space. Then it is proved by Estermann that 

8V(K) ^ V(W) $ 2oV(K). 

The first inequality reduces to an equality only when K is 
S5rmmetrical about a centre, and the second only when K is a 
tetrahedron. 

These results certainly suggest an extension to any number 
of dimensions; but apparently, in more dimensions than 
three, new difficulties appear in the proof. 

Taylor's Theorem .—Everyone knows that Taylor’s theorem 
may be written in the form 

f{a + h) /'"(«) + /'*'{« + Oh), 

where 0<^<i. It is perhaps not so well known that, for 
small values of h, 6 is approximately i/(n + i), at any rate if 
y(<*+i) jg not zero. In a paper entitled " Sul resto di Lagrange 
nello sviluppo di Taylor,” Rend, di Palmero, 58 , 1928, 44-57, 
P. Mazzoni finds that the error made in substituting i/{« + i) 
for 6 in the above formula may be written 


where <* < f < a + A. 

If f{x) is a polynomial of degree « + i, we have » O 

for all values of f, so that in this case 0 is exactly i/(n + 1). 

The author makes various applications of the result, and 
extends it to functions of any number of variables. 

Subharmonic Functions .—^These functions, referred to in 
our previous article, are the subject of an important memoir 
by P. Montel, " Sur les functions convexes et les fonctions 
sousharmoniques,” Journal de Math. ( 9 ), 7, 1928, 29-€o. In 
the first part the author proves some new results about convex 
functions, the one-dimensional case of subharmonic functions ; 
the main result is that the necessary and sufficient condition 
that the logarithm of a positive function «(*) of the variable 
X should be a convex function of x, is that e^u{x) should be 
convex in x, for all values of the real constant a. It is shown 
also that, if log u{x) is a convex function of log x, then so is 
the function 
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Passing to the two-dimensional case, the fundamental condi¬ 
tion for a subhannonic function is 

I f*” 

u(x,y) < j u(x + A cos 0 , y + A sin 0 )d 0 . 

The author considers also positive functions whose logarithms 
are subharmonic, and obtains results similar to those for 
functions whose logarithms are convex. It is proved that the 
greatest of the limits of the values, at each point, of subharmonic 
functions belonging to a normal family, is a subharmonic 
function, a theorem which finds numerous applications. 

In the last part a fundamental result is obtained on sub- 
harmonic functions which take a constant value at each point 
of a closed curve belonging to a family of curves U = constant, 
U being a harmonic function. The subharmonic function is 
then a convex function of U. The well-known “ three-circles 
theorem " of Hadamard, and various recent results on mean 
values of moduli of analytic functions, due to Hardy and R. 
Nevanlinna, are particular cases of this theorem. In the case 
U = X the functions considered are defined in the strip between 
two parallel lines, and we obtain new proofs of convexity 
theorems due to Walther, Doetsch, and Hardy, Ingham and 
Polya. Finally the author shows the connection between his 
work and that of Fabry on the associated radii of convergence 
of power series in two variables, and proves that, in the case 
of any number of variables, one of the radii of convergence is 
a subharmonic function of the others. 

Functions of a Real Variable .—In a note in the Paris Compies 
Rendus of May 21, 1928, Mile N. Bary announces some remark¬ 
able results on the classification of continuous functions. The 
order of ideas is the same as that which led Jordan to introduce 
functions of bounded variation, viz. those functions which can 
be obtained by addition and subtraction of a finite number 
of monotomc functions. Here the fundamental functions are 
absolutely continuous, i.e. such that the sum of the absolute 
variations of the function over any number of intervals, whose 
total length is made arbitrarily small, itself becomes arbitrarily 
small. We recall the well-known theorem that any function 
which is an integral, in Lebesque's sense, is absolutely con¬ 
tinuous, and conversely. 

Now for the main result: Any continuous function F(x) 
of areal variable is the sum of three absolutely continuous functions 
of absolutely continuous functions, 

F(*) +/3{^8(*)). 

The author had previously shown that a representation of 
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this kind was possible with a sum of four terms. The novel 
point of the present paper is that the fourth term is super¬ 
fluous. Also the result is final, in the sense that two terms are 
not always sufficient. 

We call the rank of a continuous function the smallest 
number of terms “ absolutely continuous function of abso¬ 
lutely continuous function ” which are necessary to represent 
it. TTius all continuous functions are of rank 3 at most; 
further, functions of rank 1, 2, and 3 actually exist. A 
characteristic property of functions of rank i is known ; it is 
necessary and sufficient that the set of values of F(a;) at the 

g oints where its derivative P(*) does not exist, or is not 
nite, should be of measure zero. This was proved by N. Bary 
and D. Menchoff, “ Sur I’int^grale de Lebesque-Sticltjes et les 
fonctions absolument continues de fonctions absolument con¬ 
tinues,” Annali di Matematica ( 4 ), 5 , 1927-8, p. 43. Our 
information about functions of rank 2 is not so complete, 
though some properties of such function are known. 

Finally we can define a class of functions of rank 3 exactly, 
the so-called “ fonctions riddes.*' A fonction rtdde is a con¬ 
tinuous function F(a;) with the following property. For any 
set E of positive measure in the domain of definition of F(a:), 
there exists a set Ej of zero measure contained in E, such that 
F(«) is monotonic in Ej, and the set of values of F{x) in Ej 
is of positive measure. 

The Zeta-function of Riemann. —^The theory of the zeta- 
function of Riemann, 

•lasl W 

continues to make progress, however remote the ultimate 
solution of the problems which it presents may be. Several 
papers on this subject have recently appeared. An important 
one by A. E. Ingham, Proc, London Math. Soc., 27 , 1927, 273- 
300, deals with various mean-value theorems. The classical 
theorem, that 

if o- > i, has received various extensions; e.g. it has been 
proved by Hardy and Littlewood that 

{(i + t/) <ft»>>TlogT. 

The problem of formulas of this type is now discussed by 
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Ingham in great detail. His general result gives an asymptotic 
formula for the integral 

jV>(a + tO 

where a and b are any fixed complex numbers, and /* and v 
are positive integers, being the /x-th derivative of ?(s). 

The general result is rather complicated ; in particular cases 
we obtain new results of striking precision. Thus 

f |r(i + i /)|’ rf/ = T log T - (1 + log - 2C)T + O(VT logT), 

where C is Euler’s constant. The novelty of the result consists 
in the comparative smallness of the remainder term, which 
had previously been shown by Littlewood to be 0 (T’'*+‘). 
As usual in these questions, the analysis is somewhat difficult. 
In the second part of the paper the asymptotic formula 

+ ♦ /)f dt = -^.T log* T + O (T log* T) 

is obtained. As we take higher powers of K(s)| in these 
formula;, the difficulty of dealing with them increases greatly, 
and in fact no such formula is known for powers greater than 
the 4th. Apparently this would still be true, even if we 
could prove the Riemann hypothesis. The proof depends on 
an “ approximate functional equation ” for the square of (s), 
the particular form used being 






where d{n) is the number of divisors of n. This is due to 
Hardy and Li|:tlewood, but the proof of it has not yet been 
published. 

The second paper on this subject is one by Prof. Little- 
wood, “ On the function i/f(i +/*)»*' Proc. London Math. Soc., 
87 , 1928, 349-57. The behaviour of the function {"(i +*/) 
for large values of t presents a very difficult problem. A 
simple argument shows that 

?(! +»/)-0(log/). 

A far more complicated method (Wcy’s inequalities) shows 
that 
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No more in this direction is knovra ; but it is kno^ that the 
order of the function is not less than log log t, and in fact that 




log log < 


If, however, we assume the Riemann hypothesis, that ^(s) ± o 
for <r > 4, then we can prove that (l'(i +*/) is really of the 
same order as log log t, and in fact that 


log'log / 


< 2 eC. 


Thus the only remaining problem is that of the exact 
value of the constant. 

The theorems on i/^(i + ii) follow much the same course, 
though in some ways they are more difficult to prove. We 
can prove that 


but naturally this requires some knowledge of the zeros of 
?(s) near «r = o. If we use Weyl’s inequalities as well, we 
ODtain 


?(i +'ti) 



See E. Landau, " Uber die Riemannschc Zetafunktion in dcr 
Nahe von <r = i,” Rend, di Palmero, 60 , 1926, 423-427. On 
the other hand, we know that 




Littlewood's paper is particularly concerned with the behaviour 
of + it) on the Riemann hypothesis. He proves that 
there is a constant b such that 


Here the constants differ by a factor 8. The paper ends with 
a discussion of the finer points of these theorems, and how the 
different constants arise. 

In ja second paper, “ On the Class Number of the corpus 
P('\/ -Hfe),” Proc. London Math. Soc., S 7 , 1928, 358-72, Little- 
wood sa3rs: “ We owe to Landau the important oteervation 
that some of the arguments used to discuss the behaviour of 
the Riemann zeta-function for fixed a- and large t apply nwtatis 




MATHEMATICS 19S 

mutandis to the function L( 5 ) for fixed real 5 and large k, where 

ficatl W 

and X is ® non-principal Dirichlet’s character to modulus k” 
Using this idea, he obtains a number of results analogous to 
those of the previous paper, but with k as variable. Thus 
as 00 

aVl^'log * < IMOI < {I + 0(0} 20 log log k, 

where b and c are certain constants, it being assumed that 
no L( 5 ) has a zero with real part greater than 

In a paper entitled “ Eine Illustration zur Riemannschen 
Vernutung,” Math. Annalcn, 99 , 1928, 150-61, G. Hoheisel 
constructs a function f'ls) which has no complex zeros of real 
part > I + K, where K is an arbitrarily small positive number 
(the function depends on the value of K), and which has many 
of the properties of ?(s). In fact: 

1. f*(s) satisfies the same functional equation as S'(s). 

2. ?*(s) has a simple pole at s = i, and the same " trivial ” 
zeros as K{s). 

3. f*(s) has the same Fourier-coefficients as ^(s), i.e. 

T ™ t 

for all values of A, and all values of <r which are not too small. 

4. f*(s) is a generalised almost periodic function in the 
sense of Besicovitch ; and for the same values of o- as in 3 

lim + * 0 - + * i) ^dt - O. 

5 " ?*(s) ” ?(«) on the Riemann hypothesis. In fact {r*(s) 
is obtained from {"(s) by replacing each complex zero of ^{s), 
for which k — il ^ K, by a zero on <r J with the same 
absolute value. By a well-known theorem of Carlson, the 
number of zero of f(s) in o < / < T, <r >5 | + K, is 0 (T'“**^’+'); 
so that, roughly, at most an infinitesimal proportion of the 
Kros are altered, and {r(s)/f*(s) is, if not unity (as it evidently 
is on the Riemann hypothesis), at least a fairly harmless func¬ 
tion. Hence the results mentioned. The writer notes that 
if f*(s) is, for any c, actually almost periodic, then it follows 
from 3 that, for all K, C*(s) ■» f(s), and hence that the Riemann 
hypothesis is true. It is not suggested that there is any 
indqpendent indication of {*(5) being almost periodic. 
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Before leaving the subject, regard for completeness compels 
us to mention papers by E. C. Titchmarsh in Proc. London 
Math. Soc., 27 , 1927-8, pp. i37-SO> 449“S8 ; ibid., 1928, pp. 
70-80 ; and London Math. Soc. Journal, 2, 1927, 247-54. 

Analytic Continuation .—In a paper " On Certain Functions 
represented by Dirichlet Series,” Proc. London Math. Soc., 
27 , 1928, 435-48, T. Estermann deals with a class of functions 
of which the simplest are 


where dm(n) is the number of decompositions of n into m factors, 
and / is a positive integer. The functions are clearly all 
regular if a-, the real part of s, is greater than unity. If w « i, 
the function is simply ?(s), and so can be continued over the whole 
s-plane, except for a pole at s = i. If / = 1,/i,m(s) = {?(«)}", 
and the continuation again follows. For m «= 2, / *= 2, we have, 
by a formula of Ramanujan, 

A2(s)-{?(s)!vr(2s), 

so that again the function exists in the whole plane, though 
this time it has an infinity of poles, at the zeros of p( 2 s). The 
main result is that in no other case can the function be con¬ 
tinued beyond the line o- = o, though it can always be continued 
as far as this line, and has no singularities other than poles 
for O' > o. However, as we approach o- = o, the poles become 
denser and denser, and in fact every point of *= o is a limit- 
point of poles. 

A problem which is in some ways more subtle is suggested 
by the function 

/(s) “ n 1/(1 - w**) 

msrS 


studied by MacMahon and Oppenheim in the theory of parti¬ 
tions. Tms function is regular for o- > o, apart from certain 
poles on the real axis. It has now been proved by Estermann, 
Proc. London Math. Soc., 27 , 1928, 471-82, that o* » o is a 
line of singularities of the function. The formula 


log/(s) - X 

*Msb1 ft 

suggests the general problem of functions of the type 

X ««{?(♦«) - i}, 

nm1 

and it is proved that this is singular at every point of the 
imaginary axis if a* « «• + O(m'), where ^ < o - 
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mHnKHbOXrfKIT. By £. V. Nbwkham, B.Sc., Meteorological Office, 

London. 

(horn in the Earth's Atmosphere. —G. M. B. Dobson, D. N. 
Harrison, and J. Lawrence have recently discussed (Proe. R. 
Soc. A., 114 , 1927, pp. 521-41) the connection between the 
total amount of ozone in our atmosphere and certain other 
geoph3rsical conditions. Regular spectroscopic determinations 
of the amount of ozone have been made at seven places, and 
use has been made of the figures for four of these, namely, 
Oxford, Lerwick, Arosa, and Lindenberg in the discussion under 
review. The following points have been noted : 

(1) A maximum of ozone for April and a minimum for 
October. 

(2) A not very clearly defined relationship between ozone 
amount and variations of the horizontal component of the 
daily range of magnetic declination, particularly on days of 
high mametic character. 

f3) No regular connection between ozone and sunspots. 

(4) A very definite connection between ozone and the dis¬ 
tribution of atmospheric pressure at the earth’s surface : the 
amount is high in cyclonic systems and low in anticyclones. 

(5) High correlation coefficients have been found between 
ozone and the mean temperature of the air from four to eight 
kilometres’ height, and between the ozone and pressure from 
nine to fourteen kilometres. 

Items (4) and (5) are surprising in view of the fact that 
several French observers have found that the region containing 
most of the ozone lies between 45 and 650 km. above the earth's 
surface, a height theoretically appropriate for conversion of 
oxygen to ozone under the influence of ultra-violet light. An 
attempt has been made to explain this anomaly by supposing 
that there are two heights of maximum concentration of ozone, 
one at about 50 kilometres, where it is formed in this manner, 
and another lower down to which it sinks. Variations in the 
upper zone would be correlated with solar and magnetic condi¬ 
tions, and variations in the lower zone with cyclones and 
anticyclones. It should not be forgotten that the amount of 
ozone present in the surface layers of the atmosphere is an 
infinitesimal fraction of the total amount. 

The Diurnal Variation of Temperature and Humidity at the 
Upper Boundaries of Clouds .—^There is still much to be known 
aTOut the absorption and radiation of heat in the free at¬ 
mosphere, although the laws governing such phenomena ajmear 
to be sufiiciently well understood. Any direct evidence of the 
nu^itude of such changes derived from observations made in 
balloons, such as is given in a paper by W. Peppier (Lindenberg, 
Arbeit. Preuss. Aeron. Obs., 18 . 1926, pp. 185-93), » therefore 
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very welcome. The material discussed was obtained with the 
a|d of kite-balloons during the period 1908-15. The ascents 
were made at 8 h. and 14 h., i.e. at times when the temperature 
was on the average not far from its minimum and maximum 
values for the day. The changes of temperature that were 
observed to take place above layers of stratus cloud were con¬ 
sidered, whether the base of such stratus lay above the ground 
or on the ground (in the latter case the cloud being ordinary 
wet fog). It has long been known that above such clouds the 
temperature normally increases with height; giving a so-called 
“ inversion ” of temperature : in this layer there is low relative 
humidity, and often a very clear atmosphere. Peppier found 
that on the average the greatest rise of temperature between 
8 h. and 14 h. took place near the top of the inversion layer, 
that is to say in cloud-free air at some distance above the 
normally very definite upper surface of the stratus cloud. On 
the other hand, the greatest nightly drop took place at the 
bottom of the inversion— i.c. near the upper surface of the 
cloud. This last result clearly means that the top of the cloud 
radiates heat in the same way that the ground radiates heat, 
but the first result is, at least at first sight, surprising, for dry 
cloud-free air is not generally believed to absorb solar radiation 
readily.* This difficulty Peppier endeavours to meet by sup¬ 
posing that a large quantity of dust is present, which absorbs 
the radiation and passes it on to the air by conduction. 

The same supposition is made to explain another anomaly : 
If we assume that the full solar radiation reaches the top 01 a 
stratus cloud, and allow for 80 per cent, of this to be reflected 
on the average, there yet remains enough heat to cause the 
cloud to evaporate in a very short time during the day ; but 
such clouds do not always evaporate, consequently it appears 
that much of the solar radiation, must be absorbed before 
reaching the cloud—according to Peppier by dust particles. 
The obvious objection to this argument is the well-known fact, 
to which allusion has already been made, that the air is often 
remarkably clear above stratus cloud. Probably most meteoro¬ 
logists will defer accepting this suggestion about dust particles 
until some measurements of the dust content are available under 
suitable conditions. If correct the theory appears to imply 
that the factor which decides whether a sheet of stratus cloud 
shall or shall not disperse under the action of solar radiation 
may often be the state of the air above it in regard to dust 
particles —sl very useful piece of knowledge for weather fore* 

* Apart from laboratory experiments, there is no lack of evidenee to 
show that the temperature of the air at a height of several feet not, 
when a little moisture is present, change under the action of solar radiation 
until the ground has been strongly heated. 



METEOROLOGY 199 

casting, if it can be substantiated. Another possible explana¬ 
tion may be put forward of the observed rise of temperature— 
namely, that it is due to heating of the kite-balloon, which leads 
to a rise of temperature of the air in its immediate neighbour¬ 
hood : the free atmosphere may undergo no such change. 

Some Studies in Terrestrial Radiation .—Under this heading 
Dr. G. C. Simpson {Mem. Royal Met. Sac., vol. ii. No. 16) gives 
the results of some calculations made with regard to the out¬ 
going radiation from the earth's atmosphere in different lati¬ 
tudes. Many simplifying assumptions had to be made, and a 
meteorologist who has not made a special study of radiation is 
not in a position to decide to what extent the introduction of 
these assumptions—some of which the author himself admits to 
be incorrect—invalidate the final conclusions. The main result 
found was that over about three quarters of the earth’s surface, 
from the equator to about latitude 50°, the outgoing radiation 
is nearly uniform and independent of the temperature at the 
earth’s surface. At higher latitudes the outgoing radiation is 
less, falling at the poles to about 80 per cent, of the equatorial 
value. The values found for the outward radiation were not 
very different for the latitudes of Lindenberg (52° N.) and 
Batavia (6° S.) from values obtained by Hergesell in 1919 
(Hergesell used the numerous observations of temperature in 
the upper air made at those two places, and employed a more 
elaborate process of calculation), but differed greatly from 
Miigge’s conclusions, based on observed temperatures at the 
base of the stratosphere, that more heat is radiated away per 
square centimetre of the upper atmosphere near the poles than 
near the equator. An interesting point that arose in the course 
of the work relates to the temperature at a considerable distance 
above the base of the stratosphere: according to figures col¬ 
lected by Sir Napier Shaw the mean temperature within the 
stratosphere does not differ greatly with latitude at a height of 
about 20 kilometres, and the graphs of temperature and height 
for different Itftitudes show signs of converging to 220° A. at 
a height of about 25 kilometres. The chief cause of the dis¬ 
crepancy between Mugge’s and Simpson’s results lies in the 
fact that the former used values ranging from 228° A. at the 
poles to 190* A. at the equator. 

There is a further point of interest: when considering the 
contributions of different layers of the atmosphere towards the 
outgoing radiation, it was found that those layers with tempera¬ 
ture between 220“ and 286® contributed most. In those parts 
of the world where warmer layers are present—^in particular 
near the equator—the lai]ge amount of radiation emitted by 
the lowest and warmest layers, where the water vapour, 
assumed throughout the paper to be the only source in the 
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atmosphere of long-wave radiation, is most abundant, is coun¬ 
terbalanced by the presence of much water-vapour in the layers 
higher up, the latter absorbii^ all or nearly all of the long-wave 
radiation coming 'from below. It results from these two 
opposing tendencies, that more heat escapes from the surface 
of the earth into space near the poles than near the equator, 
in spite of the fact that the stream of radiation leaving the 
ground is twice as great at the equator. On the other hand, 
the equatorial troposphere, with its high absolute humidity, 
rebates far more heat than does the polar troposphere. 

Barometric Changes due to the Passage of Occlusions.—-OoA 
of the most important points in regard to the structure of the 
cyclonic depressions of temperate latitudes that has been 
brought out by the Norw^an school in recent years is the 
phenomenon of “ occlusion.” The ” warm sector ” of a young 
developing cyclone has been shown to disappear from the 
surface as a result of the cold air in its rear overtaking the cold 
air in front of it. The continued presence of the mass of warm 
air at a gradually increasing altitude can generally be detected 
afterwards, often for several days, by the presence of a mass of 
high doud, from which rain, sleet, or snow often falls, and its 
passage over any place is almost always accompanied by 
changes of the barometer. Soundings by aeroplane or register¬ 
ing balloon have been made through such ” occlusions ” and 
have confirmed in a general way the Norwegian view of the 
structure of the cyclone at this stage of its evolution. (For 
particulars of observations made on a very well marked elu¬ 
sion, reference may be made to the Meteorological Magadne for 
February 1938.) 

With regard to the changes of the barometer, these n^ be 
regarded as compounded of two inde^ndent parts. Tnere 
wiu be a general change which we may regard as independent 
of the presence of the occlusion: for example, an upwatd 
” surge ” of the barometer may be taking place over Western 
Europe, and within the area covered by the ” surge" there 
may be an occluded depression. Occluded warm air will have 
a different dennty to those of the cold air masses behind and 
advance of it, aim its passage overhead at any place wUi be 
accompanied by some modification of the general upwai<^ 
suige of the barometer. Since this modification is depmddtt 
upon the nature of the occlusion, we might be able to learn soiste> 
thing with regard to the physical structure of the latter, provided 
that we can deduct from the observed barometric changes tw 
component which is indepondent of the occlusion. It. wdi 
doubtless with this idea in mind that A. Gi&o of the Portugueili 
meteorological service has investigated mathematically 
mtaire d$ I'InatUut de Physi^ au Gldbs d$ 
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Fio. 1.—^The aections shown above are from east to west through eastward 
traveUiog disturbances, looking towards north. 



fto, fdr different types of occlusion, 

imd B in tUs ftgure do not always 
oonesspond sriUi» and h of Fig. i. 
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1926) the changes of surface pressure that may be expected to 
occur during the passage of a surface of discontinuity separat¬ 
ing air masses of different temperature. He assumes that the 
whole disturbance moves in a direction parallel with the isobars 
in the warm air, just as a dei>ression with a warm sector often 
moves in a direction parallel with the isobars in the warm sector.* 
Starting from this assumption, he derives the following 
equation for the rate of change of pressure at any fixed point 
on a moving surface of discontinuity : 

.... (O- 


Here po* pressure at the ground. 

V = wind speed at the given point on the surface of dis¬ 
continuity. 

p = pressure at the given point on the surface of dis¬ 
continuity. 

a = slope of the surface of discontinuity. 

T ■= temperature (absolute) in the warm air near the 
given point. 

T' = temperature (absolute) in the cold air near this point, 
d T = T — T'. 

g = acceleration of gravity. 

R » the gas constant. 


We may apply this to the two types of occlusion a and b, 
shown in Fig. i, noting that in the region where two surfaces 
of discontinuity are passing overhead equation (i) takes the 
form; 


dpo 

dl 



tan a— 



Where (dT,) •= I T,*— T,|; T, and T( refer to the temperature 
at the particular point of the upper surface of discontinuity 
that is overhead at the moment, and suffix 2 indicates the same 
quantities for the lower surface of discontinuity; o and P are 
indicated in Fig. 1. 

Let us first assume that pressure is governed by the upper 
surface of discontinuity, i.e .: 


tana > tan /? . . . . (2). 

* Exception may be taken to this: it seems impossible that the trend ol 
the isobsn at all heights in the occluded air should be exactly the same. 
To what extent the assumption invalidates the subsequent argument is not 
clear. 
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The barograms (after compensation for pressure change due to 
external causes) will be of the types shown in Fig. 2 ; A (for 
cold-front types of occlusion) and B (warm-front type). 

If, on the other hand, the lower discontinuity is the govemii^ 

, one, t.c.: 

tan a < y P' tan ... . (3). 

then A will be representative of the warm, and B of the cold- 
front types. 

Consideration of the usual magnitudes of (dT)„ (dT)„ 
tan a and tan has led the author to the conclusion that 
barograms of type B (Fig. 2) should be frequent with warm- 
front occlusions, whereas with the cold-front type little uni¬ 
formity is likely to be found. In the latter case it is possible 
to have equality bet\veen the two parts of equation (2), and 
therefore no resultant change of pressure. In such cases bands 
of no barometric change may appear on the synoptic chart, 
but it should be remembered that barometric “ tendencies ” 
for a three-hour interval are not very suitable for exhibiting 
such effects. 

The author then gives a short summary of an examination 
that he has made of synoptic charts in order to find illustrations 
of the theory outlined above. Contrary to expectation, he 
found many barograms that would have been more appropriate 
to depressions with warm sectors, for there was a steady fall of 
pressure, then a period of no change, and then a steady rise. 
He noted further that more cloud often occurred at the lower 
surface of separation (between " cold " and " coldest ” air in 
Figs. I and 2) than near the “ double front " higher up. 

He concludes with a discussion of the problem of deter¬ 
mining the slope of the discontinuities aloft from the pressure 
changes and a single set of values of height and temperature— 
a determination theoretically possible. 

nmxot. By L. F. Bates, B.Sc., Ph.D., F.lnst.P.. University College, 

London. 

American Contributions .—In a paper on the diffraction of 
electrons by a single crystal of nickel Davisson and Germer 
(Phys, Rev., 80 , p. 705, 1927) examined the scattering of homo¬ 
geneous beams of electrons of known velocities incident normally 
upon a single crystal of nickel cut parallel to the ni plane. 
They determined the distribution of the scattered electrons 
which had suffered little or no energy loss in the process. These 
el^trons were scattered in all directions whatever the velocity 
with which they impinged upon the crystal, but in the neigh¬ 
bourhood of certain critical velocities, sets of three or six 
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sharply defined beams of electrons issued from the crystal in its 
principal azimuths. For a range of potential up to 370 volts 
thirty such beams were observed, and of these, six disappeared 
when prolonged heat treatment of the crystal caused the loss 
of gas absorbed upon its surface. The remaining twenty-four 
beams were therefore due to the crystal itself. The phenomenon 
may be regarded as the analogue of the regular reflection of 
X-rays by a crystal, for an incident beam of electrons with 
velocity v may be treated as a beam of waves of wave-length 
h/mv. Accordingly, a portion of this beam of waves is scat¬ 
tered from each of the layers of atoms lying parallel to the 
cr3rstal face, the intensity of the scattered beam being a 
maximum when the beams reflected from the individual layers 
of atoms emerge from the crystal in phase. We should there¬ 
fore expect the condition for maximum selective reflection to be 
pven by the well-known Bragg formula, n A = sin 0 . Apply- 
mg this conception to the scattering of electrons by the nickel 
crystal, it was found that of the twenty-four beams due to the 
crystal, twenty could be explained in this way, and three 
more could be explained by scattering at grazing incidence from 
a single layer of nickel atoms, whilst one beam, of low intensity, 
could not be accounted for. On the other hand, we should 
have expected eight more beams of low intensity, but these 
were not found. Moreover, the beams actually found did npt 
coincide in position with those expected on the above theory, 
but behaved as if the grating constant was considerably less 
than its actual value, i,e. the values of h/mv were less than 
those given by the Bragg formula. In a further paper {Ptoc. 
Nat. Acad. Set. Anter., 14 , p. 317, 1928) the authors describe 
experiments in which a beam of electrons impinged on the 
crystal at various angles of incidence, and in which they 
measured the intensity of scattering in the plane of incidence 
as a function of the bombarding potential and the angle of 
incidence. They found that a sharply defined beam of scatt^ed 
electrons issued from the crystal in the direction of regular 
reflection whenever the velocity of the incident electrons was 
comprised within certain ranges which depended upon the 
angle of incidence. For each of these ranges there is a definite 
velocity at which the intensity of the reflected beam is a maxi¬ 
mum. Here, again, the wave-length h/mv of a reflected beam 
of maximum intensity was not that given by the Bragg formula. 
Eckart {Ptoc. Nat. Acad. Set. Amer., 18 , p. 460, 1927) has 
suggested that this discrepancy is perhaps due to the possession 
by the crystal of an index of refraction for electrons which differs 
appreciably from unity, but the available data is not sufficient 
to permit us to decide whether the phenomena may adequate^ 
be explained by the introduction of an index of refraction ffito 
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the Brag^ formula. A more simple suggestion, however, may 
explain the phenomena. Bethe {Naturwiss., 19 , p. 333, 1928) 
considers the X-ray whose wave-length, given by the Bragg 
formula, is nearest on the short wave side to that predicted 
on the above theory, instead of the X-ray whose wave-length 
is nearest on the long wave side, which was considered by 
Davisson and Germer, and he shows that if we assume that the 
electrons which enter the crystal are accelerated by a potential 
of about IS volts by the internal field of the crystal, then we 
obtain good agreement between experiment and theory. 
Bethe shows, too, that since the electron wave-length inside 
the crystal is less than that outside, we should expect phenomena 
analogous to total internal reflection. The electron waves 
corresponding to the longest X-rays reflected from the 111 and 
no azimuths should not be observed experimentally, and the 
absence of certain beams of electrons which Davisson and 
Germer reported is thus explained. 

English Contributions .—In an interesting study of the proper¬ 
ties of single crystals of bismuth in magnetic fields Kapitza 
(^Proc. Roy. Soc., 119 , p. 358, 1928) found it necessary to examine 
m detail the mode of production of such single crystals. He 
found that a small strain set up in a bismuth rod during the 
growth of the crystal had a very pronounced effect on the 
orientation of the trigonal axis of the crystal. Bismuth c^stal- 
lises in the hexagonal system and its crystal symmetry is that 
of the rhombohedron, which approaches very closely to a cube. 
The strain gave rise to a cleavage plane perpendicular to the rod, 
which was not the perfect cleavage plane, but one of the re¬ 
maining three planes of the pseudo-octahedron, depending on 
the nature of the strain. In order to produce rods with the 
perfect cleavage plane orientated in any desired direction with 
respect to the axis of the rod, a method was devised in which 
no strain was set up in the rod during crystallisation. On 
investigating the resistance of these rods under pressure it was 
found that the^specific resistance fell from about !•$ x tor* 
ohm cm. quite rapidly with the applied pressure and reached 
a limiting value of 1*39 or 1*40 x io~‘ ohm cm. The specific 
resistance perpendicular to the trigonal axis was 107 x io“‘ 
ohm cm. The experiments suggested that the crystals con¬ 
tained cracks of appreciable resistance along their cleavage 
plaa^, and that these cracks were closed during compression, 
the limiting value of the specific resistance being reached when 
all the cracks had closed. The cracks were apparently pro¬ 
duced during cooling at a temperature very close to the fusion 
point, and Kapitza suggests that they arose from the presence 
of two crystalline modifications of bismuth, of which only one 
Mad is at present known to us. He suggests that the unknown 

*4 
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modification is probably cubic and changes to the familiar 
modification at a temperature just below the fusion point, the 
transition thus being accompanied by a change of shape which 
gives rise to cracks. This suggestion would explain the loss 
of the diamagnetic properties of bismuth just below the fusion 
point, observed by Curie, and the negative co-efficient of chanj^^e 
of resistance under uniform pressure observed by Bridgman in 
this region. It would explain, too, the change of orientation 
of the perfect cleavage plane when slight strain is present 
during crystal growth, because the cubic modification might 
be transformed into the rhombohedral modification in four 
different ways, corresponding to the extension of the elementary 
cubes along the four possible diagonals. Thus a strain produced 
by external forces may play an exceedingly important part in 
in the orientation of the trigonal axis in the rhombohedral 
modification. In a further communication (/.c., p. 400) Kapitza 
describes the method he developed for measuring the change of 
resistance of a bismuth ciystal when it was placed in an intense 
magnetic field which existed for i/iooth of a second. The 
three tnain difficulties were the short time of duration the 
magnetic field, the production of induced e. m.f. by variation of 
the field, and the very low value of the resistance of the crystal. 
They were, however, partly compensated by the production 
of a large change in resistance by the intense field and the use 
of large currents of veiy short duration to give a reasonable 
value of the potential difference between the ends of the crystal, 
without heating the crystal. A known current was sent through 
the crystal and the potential difference between its ends was 
measured, both being recorded by oscillographs, whilst a third 
oscillograph measured the current in the coils producing the 
mametic field. Measurements were made at the temperatures 
of Uie room, solid carbon dioxide and liquid air. The mounting 
of the crsrstal was very important because of the large forces 
acting upon it, and because of the possibility of induced cur¬ 
rents. A special switch permitted the current to pass through 
the cr3rstal for a very short time during the existence of the 
magnetic field; the timing of this switch was accurate to 
about 1/5000 second. The results showed that impurities and 
imperfections played a large part in the change of resistance 
particularly at low temperatures and with strong magnetic 
fields. When the current was perpendicular to the magnetic 
field an ideal cprstal increased its resistance in accordance with 
a square law with low fields, but with strong fields it followed a 
linear law. The latter law held almost independently of the 
orientation of the crystal relative to the magnetic field. When 
the current was parallel to the magnetic field a saturation effect 
was found, the change of resistance in this case being very sma l ll 
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and not much affected by temperature, and very dependent on 
the imperfections in the crystal. The effect is probably due to 
the imperfections of the crystal and to imperfect alignment of 
the current in the crystal with the direction of the lines of 
magnetic force. It is interesting to view these facts in the 
light of Sommerfeld’s recent theories of electrical conductivity. 
It is found that the discrepancy between experiment and theory 
is extremely large. In particular, no reason can be given for 
the proportionality of the change of resistance to the field, 
and not to the square of the field, with intense fields. It seems 
that we must assume that the magnetic field has a direct effect 
on the mechanism of collision between the electron and the 
atoms, and that the diamagnetism of bismuth is due to large 
electron orbits with a definite orientation in the crystal. 

French Contributions .—Chatillon {Ann. de Phys., 9 , p. 187, 
1928) gives an account of some important researches on the 
different magnetic states of the Co+ + ion. Cabrera and Trumpler 
had previously experimented independently on aqueous solutions 
of C0CI2, and assuming that the Curie law x’T *= C was satisfied, 
had found that the number of Weiss magnetons, p, based on 
observations at a single temperature, was 24 at infinite dilution 
but increased linearly with concentration to about 24-6 and 
then decreased as if the limiting value at infinite dilution was 
25. Again, Trumpler with many solutions obtained a constant 
value oi p ^ 24-5. Chatillon now shows that the above varia¬ 
tion is due to the existence of an unstable state, since only 
once, and then by boiling on solution and on each successive 
dilution, was he able to obtain a similar curve. In all other 
cases, in spite of many varied treatments, he obtained a con¬ 
stant value of /) *« 24*5. If the Weiss law, Xw (T — ^) * C is 
assumed instead of the Curie law, p cannot be calculated from 
observations at a single temperature, but from a (i/x, T) curve. 
Chatillon has investigated this curve in a large number of 
cases. For aqueous solutions of CoClj, C0SO4 and Co (No,), 
of varied conceTltrations, the values of \/xn for the Co++ ion 
when plotted against T, fall accurately upon a straight line, 
from which />=■ 25-05 and 0 *= — 12®. Specimens of CoCl„ 
received from Cabrera's laboratory, in aqueous solution at first 
showed a variation of Xm with concentration, and a variation 
of ijx with temperature which was not linear and not completely 
reversible. After five months the solutions showed none of 
these irregularities and gave p *= 25-02 with 6 =• — ii'*. Thus 
Chatillon shows that the only stable magnetic state for aqueous 
Solutions of cobalt salts is one with a constant integral value of 
p ■* 25 and a value ^ — ii®. 

Solutions of CoClj in amyl alcohol gave-= 23-04 and $ o , 
and p *> 23-00 and B 14® in ethyl alcohol. On evaporation 
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the residue from the amyl alcohol solution did not give a straight 
line for the (i/Xi T) curve, whilst that from the ethyl alcohol 
solution Mve a straight line with p »• 26-02 and B ■* 10®. The 
latter solid, on solution in water, again gave p 2$ 03 and 
0 >m — 14®. Ordinary crystalline CoCl,, 6HjO gave p 25-03 
and 0 — 30® below $S® C., gave uncertain values from 5 5® C. to 

110* C., and above 110® C., where it dissolved in its water of 
crystallisation, gave p — 23-95 and 5 — 13®. After partial 
dehydration at 100® C., a straight line was obtained from 55® C. 
to iio®C. with p — 25-05 and d =■ 8®. Anhydrous C0SO4 
showed interesting variations with conditions of preparation. 
After prolonged heating at dull red heat, the ( i/x, T) curve was 
reversible omy above 400® C., where /»■=. 25-96 and ^ — 55®. 

If dehydrated below 400® C. the value /> -• 2 5 was found. Time 
effects were observed, and the temperature variation of one 
specimen only befcame constant after several heatings to 700® C., 
then giving p « 25. Another specimen was dissolved in boiling 
acid and the solution cooled to produce hexagonal crystals, which 
on calcination at dull red heat, gave a definite value p « 25-67, 
which might be attributed to the constitution of the crystalline 
form. On recrystallisation and then dehydration at 400® C., 
^ 25 was obtained, but on heating to dull red the value be¬ 

came 25*67 instead of the usual value 26. This is an instance 
of what Chatillon terms “ memory ” in magnetic properties. It 
is clear that the o^talline form is of some importance. 

Aqueous solutions of CoCl, diluted with hydrochloric add 
gave results depending on the concentration of the acid. It 
appears that similar solutions do not always give the same 
result; the temperature variation is linear only over a limited 
range and mameton numbers of 22, 23, 23-5, 24, and 25 were 
found. Thus, in all, magneton numbers 22, 23, 24, 2$, and 26 
were found, together with numbers'23-5 and 25-67 under con¬ 
ditions which admitted the plausible explanation that they 
were due to mixtures. The variations of 0 seemed to be quite 
independent of those of p. To the writer of this article it appears 
that many of the results aboVe confirm the conclusion arrived 
at by Joos (Ann. dgr Phys., 86, p. 641, 1928), namely, that the 
magnetic carriers of colour and magnetic properties in aqueous 
solutions of paramagnetic salts are not simple ions. 

(kmtan Contribuiions. —Honda has recently published (Zeit. 
fUr Phys., 47 , 691, 1928) an interesting paper on the origin of 
magnetism. He reminds us that the optical electrons cannot 
behave as elementary magnets with respect to an external field, 
and that although they are presumabl]^ the cause of diamagnetic 
properties of atoms, they do not explain the occurrence of ferro¬ 
magnetism or paramagnetism. He therefore ascribes the latter 
to the presence of rapidly rotating electpns inside the nudeus 
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of the atom, whose velocities are sufficiently great to account for 
elementary magnetic moments of the observed order of mag¬ 
nitude. Now these rotating electrons would possess such an 
enormous amount of angular momentum that no fields at our 
disposal would be capable of producing alignment of the mag¬ 
netic particles. To overcome this difficulty Honda invokes the 
aid of Rutherford’s conception of protons which rotate inside 
the nucleus, outside the electrons and in the opposite direction 
to them, so that the nett angular momentum possessed by the 
nucleus is quite small. Thus the nucleus of each element 
possesses a magnetic moment. The nucleus of a ferromagnetic 
atom possesses no angular momentum and may easily be acted 
upon by a magnetic field. In the case of a paramagnetic atom 
the angular momentum of the nucleus is small, whilst in the 
case of a diamagnetic atom it is extremely large. Moreover, 
the structure of a ferromagnetic substance is supposed to be 
such that the influence of atomic collisions at ordinary temper¬ 
atures is very small, whilst that of paramagnetic and dia¬ 
magnetic substances is such that the effects of atomic collisions 
are very great. Honda uses the familiar Langevin treatment to 
obtain an expression for the magnetic susceptibility of a para¬ 
magnetic solid. He denotes the energy of the atom corres¬ 
ponding to the angular momentum by Q, the kinetic energy 
due to the presence of neighbouring atoms in the space lattice 
by 4 , and the energy of rotation of the atom about its magnetic 
axis by s-k-T, where s is a small fraction. The paramagnetic 
susceptibility of the substance may then be written, neglecting 
for the moment any effects of diamagnetism, as 

<, = L;/3N(s-*.T + Q-1-^). 

Here, in general, Q is very big and independent of T, whilst 
^ is either constant or decreases as T increases, so that we obtain 
the Weiss la\5t, -■ d) — const. It is easy to see on this 
theory that a diamagnetic compound may be formed from the 
combination of two paramagnetic atoms, and a paramagnetic 
combination from two diamagnetic atoms. For two paramag¬ 
netic atoms may so unite that the angular momentum of the 
combination is sufficiently great to make it appear diamagnetic. 
Similarly, two diamagnetic atoms, each with large angular 
momentum, may unite to form a system with such small ai^ular 
momentum that it will appear paramagnetic. Again, a 
ferromagnetic substance may be formed of diamagnetic or 
paramagnetic constituents as long as the resultant angular 
momentum is very small. In the opinion of the writer of this 
article, there is a very grave difficulty which Honda does not 
appear to have co^dered, namely, that on this theory we 
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should expect no gyromagnetic phenomena. Yet the experi¬ 
ments of a lai^e number of workers have shown conclusively 
that when a specimen is magnetised along a given axis, a definite 
amount of angular momentum is imparted to the specimen about 
that axis, and that this amount is exactly one half that expected 
on the theory that magnetic phenomena are due to the orienta¬ 
tion of electron orbits. 

The only well-established method for the measurement of 
the contact difference of potential between two metals is the 
separation method devised by Kelvin. There are many prob¬ 
lems connected with contact potentials which await solution, 
and two new methods of measurement described by Monch 
(Zeii. fur Phys., 47 , p. 522, 1928) are therefore of interest. In 
his first method a three-electrode tube was used, and he deter¬ 
mined the potential, Vo, between the grid and the equipotential 
filament which was just sufficient to prevent electrons from 
reaching the grid. He then applied a potential Vj + V# be¬ 
tween the filament and grid, so that electrons with a velocity 
corresponding to Vj passed through the grid. The potential, 
Vj, between the grid and plate was measured when electrons 
just failed to reach the plate. Consequently V, — Vj was the 
contact difference of potential between the grid and plate. The 
apparatus was designed to permit thorough baking of all the 
component parts so that the contact potential difference was 
measured between metal surfaces which were free of adsorbed 
ga^. The method, however, was not entirely satisfactory, e.g., 
the value of the contact difference of potential between copper 
and nickel varied between 0*2 and 0-52 volt in one set of 
measurements. The second method was much more satis¬ 
factory. In this method the electrons passed through a grid 
and were collected by a plate, and jn their passage they were 
under the influence of the contact difference of potential 
(A — X) between the metals of the grid and plate. The 
characteristic curve was obtained in the usual manner. The 
plate was then replaced by another of the same dimensions but 
of different metal, so that the contact difference of potential 
between the grid and plate was now (B - X). Hence, with 
respect to the first plate the electrons were accelerated or re¬ 
tarded by a potential fA — B). Now the effect on the velocity 
of the electrons should be the same at every point on the 
characteristic, and hence the curves obtained with the first 
and second plates should be displaced parallel to one another by 
an amount (A - B). In the apparatus used, a platinum fila¬ 
ment was surrounded by a grid consisting of a cylindrical sheet 
of copper in which was cut a fine slit round the middle. The 
grid could be surrounded by a copper cylinder as a standard 
anode, or by a cylinder made of two metals sweated together 
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end to end. The metals nickel, iron, copper, platinum, and gold 
were used. An electric oven was provided for the proper 
heating of all the component parts. The displaced curves 
obtained in the early experiments with the apparatus were of 
different slope, but by careful manipulation of the plates, curves 
were obtained in which the slopes of the linear portions were the 
same. The sensitivity was then about o*oi volt. It was 
found that the effect of prolonged heating of the plates in vacuo 
was to make copper more electropositive and nickel more 
electronegative, and that after remaining in vacuo for a con¬ 
siderable period the metals tended to recover their original 
potentials. Of the metals which were investigated after pro¬ 
longed heating in vacuo, platinum was found to be the most 
electropositive and nickel the most electronegative. The 
most striking result was the change which occurred in the 
voltaic series when hydrogen was admitted to the freshly 
heated metals. The order was initially Pt, Au, Cu, Fe, and 
Ni, but after the admission of hydrogen it was Au, Pt, Ni, 
Cu, and Fe. The order when the cold metals were first placed 
inside the apparatus could not be obtained, owing to the 
impossibility of sealing off the apparatus without affecting 
the metab inside it. 


OBOAHZO COnRMXSTXT. By J. N. E. Day. M.Sc., A.I.C.. University 

College, London. 

As a result of work on the mercuration of organic substances, 
it has now been shown that the mercury may enter the meta 
position to an orienting group. This result is of interest 
m view of its bearing on the question of aromatic substi¬ 
tution. 

In this connection reference may be made to three papers 
by Coffey, oi\the mercuration of aromatic substances {J.C.S., 
1925, 127 , 1039 ; 1926, 637 ; 1926, 3215). While, in the case 
of toluene, previous workers had not found any of the meta 
derivative, Coffey gives the result as 0 :m:p = 43 :13 :44. 
The method employed was to convert the monomercuri- 
compounds, obtained; by boiling toluene with mercuric acetate, 
to a mixture of the corresponding bromo-toluenes. It was 
shown by thermal analysis that this mixture contained a 
quwtity of the meta compound. The bromo-toluenes were 
oxidbed to bromo-benzoic acids, which were separated by 
crystallisation of the free acids and their barium salts. The 
mercuration of o-nitrotoluene led, in addition to the isolation 
of the 1 :2 ; 4- and 1:2:6-compounds, to definite proof being 
obtained of the presence of some i : 2 :3- or i ; 2 ; s-derivatives 
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by the identification of the »M-bronM>-toluene obtained from 
the bromo-toluidine by removal of the amino group. 


Wii Mf * M6 Me Me COOH 

(>-CCo»-Cr-0r-0-'0» 


Burton, Hammond, and Kenner (y.C.S., 1926,1802) describe 
the preparation of 3-bromo-2-nitrotoluene and 4-bromo-2- 
nitrotoluene, by treatment of o-nitrotoluene with mercuric 
acetate and conversion of the mercury compounds to the bromo- 
compounds. 

In the case of />-nitrotoluene, mercuration gave a very 
large proportion of the 3-compound. The mixture was con- 
verteci to the corresponding bromo-compounds and by thermal 
analysis was found to contain 22-5 per cent, of the 2-bromo-4- 
nitrotoluene and 77-5 per cent, of the 3-bromo-4-nitrotoluenc. 
With w-nitrotoluene, 4- and s-chloromercuri-3-nitrotoluenes 


were obtained, and the presence of 6-chloromercuri-3-mtro- 
toluene was shown by the preparation of 6-bromo-w-toluidine. 

The mercuration of nitrobenzene also shows a large propor¬ 
tion of the m-derivative ; thus Jurgens {Rec. trav. chim., 1926, 
46 . 61 ) obtained the values 0 :m:p = 52-6 : 38*5 : 8’9. 

Henry and Sharp (J.C.S,, 1926, 2432) find that p-ierU- 
butylphenol and /)-tso-amylphenol give both mono- and 
di-substituted derivatives; 2-acetoxymercuri -p-iert. - butyl- 
phenol and 2 : 6-diacetoxymercuri-/>-ter/.-butylphcnol together 
with the corresponding *so-amyl compounds, being obtained. 
2-Hydroxy-s-ter/.-butyIbenzaldehydeand2-hydroxy-s-tso-amyl- 
benzaldehyde both gave the 3-acetoxymercuri compound. 

Balaban and King (J.C.S., 1927, 1858) describe the pre¬ 
paration of gold and mercury derivsftives of 2-thiolglyoxalines. 
When ethyl 2-thiol-4 (or 5)-methylgIyoxaline-s (or 4)-carboxy- 
late fl] was treated in methyl alcohol solution with auric 
chlonde, it gave ethyl 2-aurothiol-4 (or s)-methylglyoxaline-S 
(or 4)-carboxylate [II]. This ester cannot be hydrol3r8ed 
without decomposition; the gold compound of the free acid 

[III] was therefore obtained by hydrol3rsing [I] to 2-thiol-4 
(or s)-methylglyoxaline-5 (or 4)-carboxylic acid [III], which 
in methyl alcohol with auric chloride gave 2-aurothiol-4-(or 5)- 
methylglyoxaline-s (or 4)-carboxylic acid [IV]. The add 

[IV] was always found to contain excess gold N : Au «» 2 : x-oS. 
It is suggested that this result is due to the presence of [V]. 
analogous to the arsenic compound [VI]. 

The behaviour of these compounds with mercury salts is 
interesting. Ethyl glyoxaline-4 (or 5)-carboxylate with mer¬ 
curic acetate gave ethyl i-acetoxymercuriglyoxaline-5 (or 4)- 
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carboxylate rVII], while, on the other hand, ethyl 2-thiol>4 
(or 5)-methylglyoxaline-5 (or 4)-carboxylate, and the corre¬ 
sponding free carboxylic acid, gave ethyl 2-chloromercurithiol-4 
(or 5)-methylglyoxaIine-s (or 4)-carboxylate [VIII], and 2- 
chloromercurithiol-4 (or 5)-methyIglyoxaline-5 (or 4)-carboxylic 
acid. These diflferent constitutions are assigned to these 
compounds owing to their difference of behaviour with sodium 
hydroxide. 
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Goddard and Yarsley {J.CS., 1928, 719) state that tri-/>- 
tolylstibine on nitration with cold fuming nitric acid gave 
tri-»M-nitrotri-p-tolylstibine dinitrate. The position of the 
entering nitro group was found by the preparation of 4-bromo- 
2-nitrotoluene. Gioddard {J.C.S., 1923, IfSS, 2315) found that 
tri-m-xylylstibine on nitration gave tri-s-nitrotri-w-xylylstibine 
dinitrate, 4-bromo-6-nitro-m-xylene being obtained from it. 

Menzies (J.C.S., 1928, 565) describes a volatile platinum 
compound, trimethylplatinum acetylacetone [IX], which was 
prepared by treating trimethylplatinic iodide with thallous 
acetylacetone. It was found that when this compound was 
heated it sublimed, and that a platinum mi^or could be 
obtained by decomposing the sublimate by bringing it into 
contact with a hot glass surface. 


O.CMs 
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Morgan and Buivess {J.C.S., 1928, 321) describe the pre¬ 
paration of t^c/otelluropentane. The compound cannot be 
prepared directly according to the equation : 

Ai,Tei + 3CH,Br • (CH*), • CH,Br = 3C,Hio: Te 4- 2AIBr„ 
as it combines with the dihalide to form two additive com¬ 
pounds. When aluminium telluride and pentamethylene 
dibromide were heated, i-e-bromoamylcyc/otelluripentane-i- 
bromide [XI], pentamethylene-ae-bisryc/otelluripentane-i-i'- 
dibromide [XII], and cyc/otelluripentane-i-i-dibromide [X], 
were obtained. 



The cyc/otelluropentane [XIII] was prepared by reduction 
of the dibromidc [X] with metabisulphite. The compound 
[X] was also prepared from [XI] and [XII] by heating under 
reduced pressure and treating the distillate with excess bromine. 

Drew {J.C.S., 1926, 223) found that tellurium tetrachloride 
and diphenyl ether reacted together to give p-phenoxyphenyl- 
telluritrichloride [XIV] ; on treatment with potassium meta¬ 
bisulphite this gave p/)'-diphenoxydiphenyl ditelluride [XV]. 
When [XIV] was heated above 200® it lost hydrogen chloride, 
and gave a cyclic compound, 10: lo-dichlorophenoxtellurine 
fXVI]. This is readily reduced to phenoxtcllurine [XVI 1 ]. 
It is su^ested that, in this reaction, as the -TeCl, group probably 
takes the para position, that the first change is an isomeric 
one into the oriho compound: [XVIII] —> [XIX] [XVI]. 

The same author (J.C.S., 1928, 511) gives an improved 
method for the preparation of phenoxthionine [XX] by heating 
phenoxtcllurine with sulphur, tellurium being set free. By 
using selenium in place of sulphur he obtained phenoxseienine 
[XXI]. 


[XIV] 

[XV] 


C,H»-0-C,H**TeCl, 

C^,'O CJH4'Te Te-CJH[4*0'C,H,. 
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Balaban (J.C.S., 1928, 809) gives a new synthesis of 4-amino- 
3-hydroxyphenylarsenic acid ; m-chloroacetanilide, on nitra¬ 
tion gave a mixture of 4-nitro-chloroacetanilide and 6-nitro- 
chloroacetanilide ; these were separated after hydrolysis. The 
3-chloro-4-nitroaniIine [XXII], when diazotised and treated with 
copper arsenite (Lewis and Cheetham, J.A.C.S., 1921, 48 ,2119) 
gave 3-chloro-4-nitrophenylarsenic acid [XXIII]. This was con¬ 
verted to the 3-hydroxy compound [XXIV], which, on reduction 
with glucose, gave 4-amino-3-hydrox5T)henylarsenic acid [XXV]. 


NH, 

A80(0H). 

AsO{OH). 

AsO{OH), 

Qc. 


OoH 

Qoh. 

NO. 

NO. 

NO, 

NH. 

[XXII] 

[XXIII] 

[XXIV] 

[XXV] 


The resolution of an arsenic compound has been carried 
out by Mills and Raper {J.C.S., 1925, 2479). />-Tolylmethyl- 
ethylarsine [XXVI] was oxidised to />-carboxyphenylmethyl- 
ethylarsine oxide [XXVII] which, on treatment with hydrogen 
sulphide, gave ^carboxyphenylmethylethylarsine sulphide 
[XXVIII]. This was resolved by means of its brucine and 
morphine salts. 


K m® , /Me 

H00C-C,H4-A< -» 

Et O 


HOOC-C«H« 


/Me 

AK 

e \Et 


[XXVI] [XXVIl] [XXVIII] 


Diphenylamine-o-arsenic add [XXIX] has been prepared 
in two ways (Gibson and Johnson, 1927, 2499), («) 
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starting with cHbromophenylarsinic acid, (b) starting with 
o*aniinophenylarsenic acid. 




>)A80(0H), 
-^NH- 


[XXIX] 



In a similar way, 4-methyldiphenylamine-6'-arsinic acid 
[XXX] was prepared. In this case also the higher yield was 
obtained with the o-bromophenylarsinic acid. 




In the case of 2-nitrodiphenylamine -6'-arsinic acid [XXXI], 
however, the higher yield was obtained with o-aminophenyl* 
arsinic acid. 




It would seem, therefore, that the factor governing the 
reaction depends on the reactivity of the bromine atom, which 
is in the order .* o-bromonitrobenzene, o-bromophenylarsinic 
acid, bromobenzene. 

These acids can be converted into the heterocylic arsenic 
compounds ; thus [XXIX] gives phenarsazinic acid [XXXIl] 
and io-chloro-5 : lo-dihydrophenarsazine [XXXIII]. 

OrAs—OH AsCl 

OQO op 

[XXXIl] [XXXUI] 
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CEIOimiT. By G. W. Tyrrell, A.R.C.Sc.. Ph.D.. University. Glasgow. 

Regional and Stratigrapkical Geology. —In the first volume of 
his Geology of Europe {Geologie von Europa, Band i, 1926, 
331 pp.), which is part of a series on the Geology of the Earth, 
S. von Bubnoff gives a general synopsis of the stratigraphy 
and structure of the continent, followed by the detailed geology 
of Eastern Europe. Volume 2 is to deal with Western Europe 
excluding the Alpine System, and volume 3 will be concerned 
with the Alpine System and the Tertiary Mediterranean. The 
work is clearly of great importance and significance. 

The pamphlet entitled “ The Geological Structure of the 
Union,” by Dr. A. W. Rogers (Union of South Africa: Geol. 
Surv., 1925, pp. 34), is an explanation of the geological map of 
the Union (scale i : 1,000,000), and forms a most valuable 
compact summary of South African stratigraphy and geological 
structure. 

A stratigraphical work of extreme importance is Dr. A. L. du 
Toit’s memoir, ” A Geological Comparison of South America 
with South Africa ” {Cam. Inst., Washington, Publ. No. 381, 
1927, 158 pp.), in which he gives the results of an extensive 
geological journey in South America. Throughout the work 
” the intention has been to detail the geological peculiarities 
of the opposed sections of the two land masses, to point out 
their resemblances and differences, and to draw such legiti- 
naate conclusions in regard to the geography, climatic, and other 
circumstances in each country, as the facts would appear to 
the writer to warrant.” Dr. du Toit affirms that the union 
of the continents in former geological times is indicated by 
a wealth of practically indisputable evidence, but he does 
not favour the idea of one or more relatively narrow con¬ 
necting links or land bridges across the Atlantic, lasting 
down to the early Mesozoic. On the contrary, he says the 
evidence stroqgly favours the view that South America and 
^uth Africa were geographically appreciably closer together 
in the past, and therefore supports the continental displace 
ment tneory of Wegener. He formulates seven points in 
which this view simplifies geological problems. It is possible 
to Quote only one of these points: "It (the theory) would 
mqpfain Gondwanaland as a well-defined and almost isolated 
umt down to about the end of the Jurassic epoch, after which 
the continental mass is viewed as proceeding to break up, 
and the sectors to begin drifting apart, with the Cretaceous 
ocean progressively penetrating between the blocks, and 
generally roming to overlap their borders in the fully estab- 
ushed marine transgressions of the late Mesozoic.” 

The first part of the great monograph on the Sulitelma 
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mining region of Norway by Dr. Th. Vogt has just appeared, 
dealing with the physiography, general geology, and petrology 
of the district (“ Sulitelmafeltet Geologi og Petrografi,” Norske 
Ceol. Undersdk., No. 121, 1927, pp. xii, 1-447 J English summary, 
pp. 449-560). Part II is to describe the ore deposits. The 
part now issued contains a generous English summary of 
111 pages, and we are thus able to assess the very important 
and significant contribution to stratigraphy, igneous geology, 
and the petrology of igneous and metamorpnic rocks, that 
Dr. Vogt has made. The igneous geology and petrology will 
be commented upon at the appropriate time, leaving the 
general geology to be dealt with in this place. The sedimentary 
rocks of Sulitelma belong to the upper part of the Cambro- 
Silurian which builds up the Scandinavian mountain range. 
A great series of mica-schists, the Seve Group, which occurs 
below the main limestone horizon, has been regarded as Pre- 
Cambrian, but Vogt and certain Swedish geologists now con¬ 
sider it to be Cambro-Silurian. The upper part of the succes¬ 
sion has been metamorphosed to the chlorite-muscovite schist 
stage, but nevertheless retains a fossiliferous horizon of crinoids 
and bryozoa. Spilitic lavas are interbedded with this series, 
and the whole mass has been invaded by huge phacoliths of 
gabbro, from the study of which some new points in igneous 
geology have been elicited. The whole work is deserving of 
the closest study by systematic geologists. 

The Geologists Association have recently published two 
useful papers describing the regional geology of the Edinburgh 
and Dolgelly districts ^ir J. S. Flett, et alia, “ The Geology 
of the District around Edinburgh,” Proc. Geol. Assoc., xxxvih, 
1927, pp. 405-517 ; A. H. Cox and A. K. Wells, ” The Geology 
of the Dolgelly District^ Merionethshire,” ibid., pp. 265-331). 

The general geology and physiography of Morv-^ern (Argyll) 
has been very fully des(^ibed by Dr. J. F. Scott (Trans. Geol. 
Soc. Glasgow, xviii, pt. 2, 1928, pp. 149-89)- Morvern consists 
of a Pre-Palaeozoic foundation consisting of Moine Gneiss, 
which is intruded by the Morvern or Strontian Granite pre¬ 
sumably of Lower Old Red Sandstone age, and covered in 
places by sediments varying in age from Carboniferous to 
Upper Cretaceous. These strata have been preserved from 
denudation by a capping of Kainozoic plateau basalts. The 
rtratigraphy of these formations is dealt with in detail, and, 
in addition. Dr. Scott has sections on the tectonics and ph3rsio- 
p^^hy of this interesting and little-known area of the High- 

Prof. H, H. Swinnerton has critically examined the old 
generalisation that periods of violent tectonic movements 
have a causal connection with the rise and fall of certain 
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groups of organisms (“ Earth Movements and Extinction," 
Geol. Mag., Ixiv, 1927. PP- 529-32), He shows that such con¬ 
nections cannot be demonstrated with regard to trilobites, 
ammonites, reptiles, and mammals, and questions the general 
application of the principle. 

In his important paper on " The Problem of the Pre-Cam¬ 
brian Atmosphere ” {South African Journ. Set., xxiv, 1927, 
PP* >5S”72) Mr. A, M. Maegregor suggests that the Pre- 
Cambrian atmosphere was deficient in oxygen and was other¬ 
wise radically different from that of the present day. The 
extent to which silicate minerals in early Pre-Cambrian rocks 
have been replaced by carbonates, probably soon after their 
formation, is taken to indicate a higher proportion of COj 
in the atmosphere than now exists. Similarly Rhodesian Pre- 
Cambrian sediments are shown to be characteristically rich in 
the lower oxide of iron and poor in the higher oxide. It is 
suggested that the problems connected with the origin of the 
Pre-Cambrian banded ironstones, which are of world-wide 
distribution, are explicable on the assumption that the atmo¬ 
sphere of that time lacked oxygen and was rich in COj, 

In their valuable discussion of the major stratigraphical 
terms of the Pre-Palaeozoic, Prof. J. W. Gregory and Mr. 
B. H. Barrett {Journ. Geol., xxxv, 1927, pp. 734-42) show 
how much the Pre-Cambrian problem is hampered by un¬ 
certainty as to the use and scope of the nomenclature. 
" Proterozoic," for example, is used in three different senses : 
for the whole of the Pre-Palaeozoic, for the upper part of the 
Pre-Palaeozoic, and, in Britain, for the Lower Pateozoic (Lap- 
worth). It is suggested that appropriate names for the succes¬ 
sive stages in the development of life through the dawn of 
life, archaic life, ancient life, middle life, to recent life, would 
be Eozoic, Archeozoic, Palaeozoic, Mesozoic, and Kainozoic. 

The fourth instalment of the work by Prof. T. J. Jehu 
and Mr. R. M. Craig on the geology of the Outer Hebrides 
(Part IV, Souih Harris. Trans. Roy. Soc. Edin., Iv, Part 2, 1927, 
PP* 4S7“88) deals with South Harris. Practically the whole 
area consists of the Lewisian Gneiss; but the authors have 
brought to light a remarkable mass of anorthosite-gneiss, which 
is associated with a gabbro-diorite intrusion, garnet-amphibolite, 
and eclogite. Anorthosites are rare in Great Britain, only 
one other example, at Portsoy in Banffshire, being known. 

In his paper entitled " Some Geological Notes on Three 
Districts of Northern Scotland ” Mr. A, G. Steavenson {Trans. 
Geol. Soc., Glasgow, xviii, pt. i, 1928, pp. i93~233) describes 
some foliated granites in Western Lewis; the Stromness 
(Orkney) granite-gneiss inliers (of Moine Gneiss age), and the 
surrounding rocks (Middle Old Red Sandstone); and the 
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** Torridonian ” outtier of Stornoway (Lewis). The red con¬ 
glomerates of the last-named district have been assigned 
by different observers to the Pre-Cambrian, Torridonian, 
Cambrian, Old Red Sandstone, and Triassic. From the scanty 
available evidence Mr. Steavenson concludes that it probably 
belongs to the lowest group (Diabaig) of the Torridonian. 

The unending puzzle of Grampian stratigraphy and struc¬ 
ture has again been attacked by three investigators, working 
in three different regions. Mr. W. J. McCallien, writing on 
the geology of Gigha, an island between North Kintyre and 
Islay, shows that the island consists of quartzites and phyllites, 
probably belonging to the Erins Quartzite Group of the main¬ 
land. These sedimentary schists, however, are quite subordi¬ 
nate in amount to intrusive epidiorites. The close approach 
of the Gigha Schists to the Kintyre or Cowal sequence, and the 
cutting-off of the Erins Quartzite to the north-east, are best 
explained by assuming the reality of the thrust postulated 
by Mr. E. B. Bailey at the base of the Loch Awe Nappe. 

Mr. E. B. Bailey continues his investigations into the 
structure of the Central Grampians, now advancing into the 
Braemar, Glen Clunie, and Glen Shee region {Trans. Roy. Soc. 
Edin., Iv, pt. 3, 1928, pp. 737-54). Much of Mr. G. Barrow's 
previous work in this region is confirmed. The results of the 
work are set out in .sections and a geological map. It is 
believed that the dark schist of Glen Clunie is better grouped 
with the Ben Eagach Schist than with the Blair Atholl Series. 
The Cairnwell fold in the latter is probably synclinal. The 
Perthshire Quartzite Series, which contains an important 
mica-schist group (Killiekrankie) in Perthshire, is represented 
in the region dealt with entirely by quartzite. 

Dr. H. H. Read’s present contribution to Grampian geology 
deals with the region of Middle Deeside and East Glen Muick 
{Trans. Roy. Soc. Edin., Iv, pt. 3, 1928, pp. 755-72). The 
schists are here subjected to a triple sqbdivision : fi) Glen 
Tanner Group ; (2) Deeside Limestone ; (3) Queen's Hilluroup; 
which are respectively correlated with the Pitlochry Schists, 
Loch Tay Limestone, and Ben Lui Schists, of Perthshire. 
There is a culmination of pitch in Tarfside which has been 
recognised by Mr. E. B. Bailey. Both the Loch Tay Limestone 
and the Deeside Limestone lie structurally far above this 
culmination. The correlation of the Deeside and Loch Tay 
Limestone is a most important step, as a single horizon has 
now been traced from the southern extremity of I^tjrre to 
the centre of Aberdeenshire. This will provide a foundation 
on which to build the structure of a large part of the noi^- 
eastern Grampians. 

Mr. E. S. Cobbold records in detaiTthe results of his study 
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of the natural, and the many artificial, exposures in the Cam¬ 
brian area of Comley (Shropshire) {Quart. Journ. Geol. Soc., 
Ixxxiii, 1927, pp. 551-73). The most important achievement, 
according to Prof. W. W. Watts, is the detection of an un¬ 
conformity in the middle of the Cambrian, and its correlation 
with the lithology of the formation. 

Mr. H. Williams’s paper on the geology of Snowdon (North 
Wales) {Quart. Journ. Geol. 5 oc., Ixxxiii, 1927, pp. 346-431) con¬ 
tains valuable contributions to stratigraphy, igneous geology, 
and petrology. He describes in detail the Upper Cambrian, 
Aremg, Llanvirn, Lower Llandeilo, and Lower Caradoc sedi¬ 
ments and volcanic rocks which constitute the mountain, 
together with acid and basic intrusive rocks. The latter are 
regarded as consanguineous, and practically contemporaneous, 
with the lavas. “ The dominant folding is of N.E.-S.W. strike, 
and occurred almost wholly after the period of doleritic intru¬ 
sions. It was succeeded, first by a cleavage of similar strike, 
and subsequently by a minor folding and thrusting due to 

K ressdre directed to the S.E. Finally, the area was dissected 
y faults, most of which belong to the same family of move¬ 
ments as those just enumerated, though some may have moved 
again during the Tertiary Era.” 

The Silurian inlier of Woolhope (Herefordshire) is described,» 
in detail by C. I. Gardiner {Quart. Journ. Geol. Set., Ixxxiii, 1927, 
pp. 501-30). The area discloses beds ranging from Down- 
tonian to the Llandovery Sandstone. Denudation has not yet 
uncovered any coarse conglomerates corresponding to those 
seen at May Hill, a few miles to the S.S.E. The detailed 
mapping shows that the usual description of this area as a 
dome requires alteration. The rocks have been bent up by 
pressure from two directions, N.W.-S.E. (Charnian), and 
N.N.E.-S.S.W., and relief has been obtained by faulting which, 
from the map, appears to be disposed in radial fashion. One 
fault has passed right through the area, and has profoundly 
modified the arrangement of the rocks. 

Prof. P. G. H. Boswell deals with the Salopian Rocks and 
Tectonics of the district south-west of Ruthin (Denbighshire) 
{Quart, Journ. Geol. Soc., Ixxxiii, pt. 5,1928, pp. 689-710). The 
region yields a succession of the Denbigh Grits with six grapto- 
lite zones ranging from Cyrtograptus rigidus to Mortograptus 
teintwardinensis. Ribbon-landed mudstones and silt-stones 
in the lower zones, and sandstones interbedded with cleaved 
shalra in the upper parts, constitute the lithology of the series. 
Folding is but little in evidence, but the district is heavily 
faulteo, the major fractures running N.E. or N.N.E. The 
folding, cleavage, and dominant faulting are attributed to 
mwements of Caledonian age. 

*5 



«a4 SCffiNCB f»ROGRESS 

According to L. G. Anniss {QtiaH. Jmm. Geol. Soc., bcxxiii, 
1927, pp. 492-500), the Up^r Devonian of Saltern Cove, 
Torbay, is represented by 500 feet of shales, thin lim^tones, 
and tufis, mainly belonging to the Frasnian. The position of 
the overlying massive limestones (Lower Frasnian ?) is due to 
overthrust, probably from the S.E. The tuffs and an intrusion 
of albitised dolerite show through a “ window ” eroded in this 
overthrust sheet. Species of Goniatites from the ly zone of 
Wedekind (Frasnian) are recorded here for the first time in 
Great Britain. 

Dr. C. ,F. Kolderup concludes his study of the Devonian 
fields of Western Norway with descriptions of the largest 
(Hornelens devonfelt, Bergens Mus. Aarbok. Naturvid. Raekke, 
No. 6, 1926, 56 pp.), and of one of the smallest areas (Byrk- 
nes^yenes og Holmengraas devonfelter, ibid., No. 8, 1926, 18 
pp.) of these rocks. The Hornelen region, i ,080 sq. kms. in area, 
consists of an enormous mass of strata 20,000 to 25,000 m. in 
thickness, which, from the fossil fishes and plants, belong to 
the upper part of the Orcadian series of the Old Red Sandstone. 
Breccias and conglomerates from the lower part of the succes¬ 
sion are followed by green and red sandstones. There has 
been a subsidence of the basin along the northern side of the 
area, and at one place on the eastern margin the junction is 
formed by a thrust plane. The Devonian rocks of the small 
islands described in the second paper are identified by their 
lithology and by their relations to the Ordovician-Silurian 
basement rocks. 

Mr. W. J. McCallien’s lengthy paper on the Post-Dalradian 
Geologfy of Kintyre ( Trans. Geol. Soc. Glasgow, xviii, p,t. i, 1927, 
pp. 40-126) deals with the Old Red Sandstone and Carboni- 
lerous formations of a little-known region. Lavas of Old Red 
Sandstone age are absent, but there are volcanic vents, and 
beds of agglomerate and volcanic conglomerate, of this age. 
The sediments of the Kintyre Old Red Sandstone are regarded 
as of dominantly fluviatile origin. Lower Carboniferous lavas 
of various tjrpes fill up basin-shaped hollows in the Old Red 
Sandstone and metamorphic rocks. Intrusions of the same 
age belong mainly to a keratophyre-bostonite series. Kaino- 
zoic igneous rocks are scarce, and consist of dykes of oUvine- 
dolerite, crinanite, and monchiquite. 

Ill his paper on " Post-Carboniferous Movements in the 
Northumbrian Fault Block," Mr. H. C. Versey {Proc. Yorks. 
Geol. Soc., xzi, 1927, pp. 1-16 reprint) deals only with move¬ 
ments belonging to the Hercsmian orogeny, and attempts to 
show their relation to contemporaneous igneous activity, and 
to the deposition of Permian strata. The Northumbrian Fault 
Block is considered to represent a fractured pit de fond, tlw 
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fracture lines being related to areas of varying thicknesses 
in the Carboniferous rocks. The Whin Sill is considered to 
be a result of the block-faulting, and as of phacolithic form 
beneath the Teesdale anticline. 

Part II of Dr. R. L. Sherlock’s memoir on the correlation 
of the British Permo-Triassic rocks, dealing with England 
south of the Pennines and Wales, has now appeared {Proc. 
Geol. Assoc., xxxix, 1928, pp. 4t^-9S). The chief conclusion drawn 
from his penetrating analysis of the British evidence is that 
the “ Permian ” system has no real existence in this country. 
According to Dr. Sherlock, the “ Permian ” has also broken 
down in Germany and Western Europe generally ; and he 
even gives a destructive criticism of Murchison’s type Permian 
of Russia. The question thus arises as to a suitable name for 
the rocks which intervene between the Carboniferous and the 
Rhsetic. The terms “ New Red Sandstone,” ” Poikilitic,” 
“ Dyas,” and ” Trias,” are successively rejected for the reason 
that not one of them is everywhere applicable. The term 
Epiric System, meaning continental, is suggested, as the 
outstanding feature of the period was the great spread of the 
continents. The lower boundary of this system would be the 
base of the 2 Jechstein or Magnesian Limestone Series which 
in Britain is ever3rwhere unconformable to the beds below ; 
the upper boundary would be drawn at the top of the Keuper 
Series, as the Rhsetic transgression which follows provides the 
natural beginning of a new period in Western Europe. 

In a paper on ” Contemporaneous Volcanic Activity in East 
Fife” Mr. D. Balsillie {Geol. Mag., Ixiv, 1927, pp. 481-93) pre¬ 
sents further evidence in support of his view of contemporaneous 
volcanic activity amongst the Lower Carboniferous rocks, and 
opTOsed to the assumption of Permian age for the old volcanoes 
of East Fife. 

Mr. W. J. Arkell’s long and important memoir on the 
Corallian Rocks of Oxford, Berks, and North Wilts (Phil. 
Trans., Ser. JB? vol. 216 , 1927, pp. 67-181) is a very exhaustive 
treatment of the lithology, stratigraphy, pal®ontology, and 
palseogeography of the Corallian epoch within the above- 
mentioned areal limits. He regards the formation as com¬ 
prised of five divisions : (i) Lower Calcareous Grit; (2) Berk¬ 
shire Oolite Series ; (3) Osmington Oolite Series ; (4) Trigonia 
clavellata Beds (which are, however, only doubtfully repre- 
, sent^ in this regjion); and (5) Upper Calcareous Grit. The 
veiy rapid lithologic^ and palaeontological variations which 
dharacterise this formation are illustrated by sections and a 
COITelation table. According to Mr. Arkell’s interpretation of 
tbie geography of the epoch, the thin strip of Corallian rocks 
ejctehdiag through Berlrahire and Wiltshire must be regarded 
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as a coastal deposit fringing the north-western shore of the 
Palaeozoic land mass from the denudation of which its materials 
were derived. 

A paper by Dr. J. A. Douglas and Mr. W. J. Arkell {Quart. 
Joum. GboL Soc., Ixxxiv, pt. i, 1928, pp. 117~78)gives an account 
of the stratigraphical distribution of the Cornbrash in the 
south-west of England from Oxford to near Weymouth. The 
authors advocate and utilise a twofold subdivision of the 
formation rather than the threefold subdivision suggested by 
Mr. Buckman. By the detailed account of many typical 
exposures a general description of the faunal sequence and zonal 
distribution is given throughout the area. Criticism is made of 
Mr. Buckman’s conclusions regarding the palaeogeography and 
zoning of the formation. 

G. C. Martin deals exhaustively with the Mesozoic Strati¬ 
graphy of Alaska in Bull. 776 of the U.S. Geological Survey 
(1926, 493 pp.). 

The Cretaceous shales of Jamaica, generally occurring 
associated with, and below, Rudist Limestones, are described 
by Dr. C. T. Trechmann with a wealth of pakeontological detail 
(Geol. Mag., Ixiv, 1927, pp. 27-42 ; 49-65). The fossils described 
show that the Jamaican beds occur at a very high horizon in 
the Cretaceous, Upper Senonian, if not Maestrichtian. 

Prof. V. C. Illing describes the geology of the Naparima 
Region of Trinidad {Quart. Joum. Geol. Soc., Ixxxiv, pt. i, 1928, 
pp. 1-56). The formations constitute a broken succession 
from the Lower Cretaceous to the present time, the main 
breaks appearing to be in the Lower Eocene and Oligocene. 
The rocks are folded along an E.N.E.-W.S.W. direction, and 
the folding diminishes in intensity southwards. In the north 
thrusting is the dominant tectonic feature. The folding 
occurred intermittently in the Tejtiary, although the culmi¬ 
nating movement was probably not earlier than the Upper 
Miocene. 


KKXbOOT. By F. W. Rogbrs Braubbll. Ph.D., D.Sc.. Lectam in 
Zoology, King’s College, London. 

Genetics .—The problems connected with the origin of vestigial 
structures in animals have been recognised for a long time to 
be of great interest from the evolutionary point of view. The 
vestigia] wings of many species of insects afford good examples 
of such structures. They occur in many orders of insects 
which are normally winged. In some cases, such as the 
female Vapourer Moth, they are confined to one sex. In other 
cases they are not confined to one sex, tut occur in both. Some 
species include forms with normal wings and forms wi^ 
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reduced vdngs. Miss Jackson, in a recent paper {Trans, R.S. 
Edin., vol. 55,1928), has described a number of these in weevils. 
She succeeded in breeding and rearing the weevil Sitona 
hispidula, and effected crosses between the long and short 
winged forms. It was possible to show from these that the 
brachypterous condition behaves as a simple Mendelian 
dominant. It is shown that the reduction of the wings of 
beetles is only one of a series of conditions frequently found 
associated together, including atrophy of the wing muscles, 
ankylosis of the elytra, etc. It is suggested that such changes 
must be attributed either to a regressive orthogenesis or to a 
succession of chance mutations. The latter theory would be 
compatible with the conditions in Sitona where the reduction 
of the wings and their muscles is often correlated. It is 
pointed out that once the win^ muscles were suppressed and 
flight consequently rendered impossible, further mutations 
resulting in reduction of the wings and anl^losis of the elytra 
could not be harmful to the species. Owing to the frequent 
occurrence of the apterous condition in beetles in all sorts of 
environments it appears probable that the capacity or in¬ 
capacity for flight is of little importance in determining the 
survival of most species. 

Chromosomes .—Several papers have appeared recently 
dealing with the chromosomes, and especially with the sex- 
chromosomes during spermatogenesis. 

A ^eat deal of confusion has arisen concerning the chromo¬ 
somes in the various species and races of Gryllotalpa. Authors 
have disagreed as to the number of chromosomes, and the 
arrangement of the sex-chromosomes. De Winiwarter {Arch, 
de Biol., t. 37, 1927) has done much to clear up the results, 
and has shown that many of the discrepancies between previous 
accounts have been due, in all probability, to the use of different 
races. De Winiwarter worked with the races of Gryllotalpa 
gryll IL) from Belgium, Naples, and Rumania. The Belgian 
race, he considers, have the diploid number of 12 chroniosomes 
in the male. These include an X-Y pair. The Italian and 
Rumanian races have 15 chromosomes in the diploid state 
which include an X-chromosome. These results, which on 
the whole support and extend those previously obtained by 
oth^ workers, reveal an extraordinary chromosomal dis¬ 
similarity between geographical races, to which entomologists 
»e unable to assign speafic differences. The presence of a 
Y-chromosome in the* Belgian race and its absence in the 
others appear to offer strong evidence in support of Wilson’s 
view that this chromosome is one in process of degeneration. 
The two additional pairs of autosomes in the Runmnian and 
Italian forms may rove caiginated by fragmentation of one 
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dr two pairs of chromosomes in the Belgian form. Such an 
hypothesis is supported by the fact that the chromosomes of 
the former are on the whole rather shorter than those of the 
latter. 

Kenji Nakamura {Memoirs, Coll. Set., Kyoto Imp. Univ., 
Ser. B., vol. 4, 1928) has worked on the spermatogenesis of a 
snake {NtUrix iigrina). The diploid number of chromosomes 
was 40, consisting of 8 pairs of large chromosomes and la 
pairs of small chromosomes. The large number and difference 
in size is characteristic of all the Sauropsida examined so far. 
He considers that one of the larger pairs constitutes an homo¬ 
logous pair of sex-chromosomes. These are not recognisable 
as such in the spermatogonia, but appear in the leptotene 
stage of the primary spermatoc3d:es as a pair of karyosomes 
in contact with each other. The author considers that these 
results suggest that the male is the homogametic sex, although 
all previous workers on the sex-chromosomes in reptiles have 
considered it to be heterogametic He suggests that the female 
N. ti^rina will be found to be heterogametic, but admits that 
definite conclusions regarding the sex-chromosome mechanism 
in this form cannot be arrived at until the conditions in the 
female are known. 

The chromosomes of the guinea-pig have been studied 
many times, always with different results, the diploid number 
having been claimed to be 16, 24, 32, 38, 56, and 64. Some 
agreement has been arrived at over the sex-chromosomes in 
the male, consisting of an X-Y pair. This regrettable dis¬ 
agreement has called for reinvestigation. Moles {Arch, de 
Biol., t. 38, 1928) has studied the condition in the amnion 
and in spermatogenesis. He found the amnion unfavourable 
material for determining the chromosomal number, but was 
able to demonstrate a pair of X-chromosomes which passed to 
opposite poles at mitosis. The spermatogonia studied all gave 
counts of 6s chromosomes and the primary spermatocytes had 
33. Half the secondary spermatocytes had 32 and half 33. 
He concludes, therefore, that the sex-chromosome is unpairra, 
no Y being present. The diploid condition of the male is 
therefore 32 pairs autosomes -f X. The X-chromosome, which 
b one of the largest present, is not recognisable in the sper« 
matogonia, unlike other species. 

Endocrine Organs. —It has been known for some time that 
the endocrine organs are not independent of each other, but 
are often closely linked up together in function. Recent work 
has tended to show still more clearly that many of the ductless 
glands produce their visible effects indirectly by hormonal 
stimulation of other endocrine organs. Allen {Univ. California 
Public, in Zool., vol. 31, 1927) has described an exhaustive 
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and carefully controlled aeries of experiments which show 
clearly that amphibian metamorphosis is effected by the 
action of the anterior lobe of the pituitaiy in stimulating the 
activity of the thyroid gland. His technique consisted in the 
removal of the hypophysis and thyroid from tadpoles and of 
implantation into these of fragments of the anterior, inter¬ 
mediate, or posterior lobes of the hypophysis of adult frogs. 

Hypophysectomy resulted in retardation of metamorphosis 
accompanied by reduction in the growth of the thyroid owing 
to the small quantity of colloid stored in its follicles. Hypo- 
physectomised tadpoles into which posterior or intermediate 
lobe substance was grafted exhibited similar peculiarities, 
although the development of pigment showed that the grafts 
were functional. 

Successful implantation of the anterior lobe into hypo- 
physectomised tadpoles resulted, however, in metamorphosis 
and thyroid growth which equalled or actually exceeded the 
normal. The large size of the thyroid gland in these tadpoles 
was due to the distention of the follicles with large quantities 
of colloid. The excessive reaction often obtained was accounted 
for by the fact that the mass of the anterior lobe graft, having 
been taken from an adult frog, usually exceeded that of an 
anterior lobe of a normal tadpole. Implantation of the 
anterior lobe into thjrroidectomised tadpoles, on the other 
hand, completely failed to induce metamorphosis. 

These experiments demonstrate that the process of meta¬ 
morphosis in anuran larvae is effected by the action of the 
anterior lobe of the hypophysis working through the thyroid 
gland. Both the th5rroid gland and the anterior pituitary 
are essential tor the result. 

Blacker (Trans. Lab. Exp. Biol. Moscow, vol. 4, 1928) 
obtains results that are difficult to correlate with these. He 
finds, like Allen, that hypophysectomy prevents metamorphosis 
in amphibia. Metamorphosis can be induced, however, hi 
these nypojpMysectomised animals, if preparations of thyroid 
and of iodme are administered. He finds that preparations 
of anterior lobe accelerate metamorphosis, but that graftii^ 
of the anterior lobe does not. He observed that the thyroid 
gland tended to atrophy after hypophysectomy, which confirms 
this observation of Allen’s. The contradictory results obtained 
s^arately by these two workers regarding the effects of grafts 
of the anterior lobe of the pituitary in effecting metamorphosis 
in hypophysectomised amphibian larv® appear to necessitate 
further investigation. 

Gmadr^afts. —Welti (Revue Suisse de Zool., vol. 35, 1928) 
has described an extensive series of gonad-^fts on toads. 
He found that Usstis grafts took better when implanted on to 
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tbe kidney t^ian on to the peritoneum, and both these situations 
w»e more favourable than the subcutaneous. The site of 
implantation appears to have much less effect on ovarian 
grafts. The relationship of donor and host is of fundamental 
importance. With the testis 89 per cent, of autografts, 77 
per cent, of homografts, and 70 per cent, of heterografts took. 
With the ovary no heterografts persisted at all and only about 
Sa per cent, of the homografts, whilst 91 per cent, of the 
autografts gave positive results and some persisted after a 
lapse of two or three years. Many of the testis grafts 
exhibited a transitory phase of oogenesis, such as has been 
recorded in grafted and regenerate testes of Anurans by 
Guyenot and Ponse. 

A similar intersexual condition has been observed by Du 
Bois and Beaumont (C.R. Soc. Biol., vol. 97, 1927) in grafted 
and regenerate testes in Triton. This condition appears to 
be of fairly general occurrence in the testes of Amphibia and 
indicates a latent tendency towards sex-reversal in the male. 
This is of peculiar interest since it is in the opposite direction 
to the cases of sex-reversal in the frog, described by Crew 
some time ago, where the female transformed into the male. 
Both sexes appear, therefore, to be reversible in Amphibians, 
whilst in birds all the known cases of sex-reversal are from 
female to male. 

Experimental Embryology .—Some interesting results of the 
effects of temperature gradients on segmenting eggs and 
embryos of the frog have been obtained by Dean, Shaw and 
Tazelaar {Brit. Jour. Exp. Biol., vol. 5, 1928). The gradients 
were applied either at right angles (lateral) or parallel to the 
eg^ axis. In the latter case they were either “ adjuvant " 
fanimal pole heated, vegetative pole cooled) or “ antagonistic " 
(animal pole cooled, vegetative .pole heated). Adjuvant 
gradients accentuated the normal difference in cell size between 
the animal and vegetative poles. Antagonistic gradients 
produced a double gradient in cell size with the smallest in 
the equatorial region and, in extreme cases, the animal 
larger than the yolk cells. Adjuvant gradients, when the 
temperature was too high, resulted in inhibition of the aninml 
pole, where large retarded cells occurred, sharply marked 
off from the surrounding small cells. Lateral gradients 
produced great differences in cell size on the two sides of the 
egg, the larger being, of course, on the cooled side. 

Eggs treated with adjuvant gradients exhibited more 
advanced stages of devel^ment than similar eggs treated with 
antagonistic gradients. This resulted in the yolk cells of the 
•• adjuvant ” eggs being smaller than those of the " antagoii> 
btic " eggs, although the former were cooled and the latter 
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heated. The effects of ^adients applied during segmentation 
appear to be permanent in a slight degree. These eggs treated 
Mrith antagonistic gradients tended to develop into micro¬ 
cephalous tadpoles and vice versa. Antagonistic gradients 
caused the eggs to gastrulate sooner than “ adjuvant ” eggs 
under similar conditions; they inhibited the head and dorsal 
region in embryos at the neurula stage, whilst “ adjuvant ” 
gradients inhibited the tail and ventral regions. 

Lateral gradients during gastrulation and later stages 
produced marked asymmetry, which persisted in some indi¬ 
viduals but was regulated back to normal in others. This 
method should prove useful in tackling experimentally many 
problems connected with developmental mechanics. 

ComparcUive Anatomy .—^The Spiny Dogfish {Squalus 
acanthias and S. sucklii) is the type Elasmobranch commonly 
used for laboratory dissection in North America. Despite 
this fact no satisfactory account of the blood vascular system 
has been available. This deficiency has been met by a paper 
by O'Donoghue and Abbott {Trans. R.S. Edin., vol. 55, 1928). 
They found that the blood vascular system of the two species 
of Spiny Dogfish studied are strikingly similar and only differ 
in unimportant details. This system is one of the most 
primitive and least specialised of any Elasmobranch. It 
furnishes, therefore, an excellent basis for comparison with 
other forms. The embryos, like those of other vertebrates, 
have six complete branchial arches between the dorsal and 
ventral aortae. These are retained in a remarkably complete 
manner in the adult. This primitive arrangement indicates 
that the Spiny Dogfish, amongst living forms, approaches 
most closely to the ancestral condition of higher vertebrates. 


AO MO U MPm Aa nmnOXAOr. By John Hammono, M.A., school 
of Agricaltan, Cambridge, 

Reproduction. — (i) The Breeding Season .—Courrier (Arch, de 
Bioi., 97 , p. 173, 1927) has investigated the changes in the 
male organs throughout the year in the bat, mole, etc., and 
finds that the curves of activity of the interstitial cells and 
seminiferous tubules vary greatly at different times of year, 
that they are independent of one another, and that it is with 
rile former rather than the latter curve that the changes in 
secondary characters appear. 

Asdell (Jour. Agr. Sr*., I81 p. 632, 1926) found in the goat, 
where the height of the breeding season occurs in October 
and the minimum in May, that a cool August produces an 
early oestrus while a hot one has the opposite effect; rainfall 
has no influence. The hypothesis is advanced that most 
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manunals breed only in the spring and autumn because the 
body temperature may be too high in summer for follicular 
development. Riddle and Hone3rwell (Amer. Jour. Physiol., 
P* 337 > 1924), on the other hand, find in pigeons that cooling 
results in a marked lowering of the concentration of sugar in 
the blood and also diminishes the rate of ovulation. 

Parkes and Brambell {Jour. Phys., 64 , p. 388, 1928) find in 
mice that a considerable decrease in the temperature causes 
an initial increase in the length of dioestrus, but it is very shortly 
restored to normal ; they suggest that the prolonged winter 
anoestrus of wild rodents is probably to be attributed to a 
diminished food supply under conditions of temperature which, 
for maintenance of normal function, would require an increase 
of food. 

(2) (Estrus and the (Esirous Cycle. —^Allen and Doisy (Physiol. 
Reviews, 7 , p. 600, 1927), in a review of work on ovarian and 
placental hormones, conclude that partial chemical isolation 
of at least one substance has been accomplished and that no 
differentiation has yet been made in material from ovaries 
and from placenta. The reactions induced in ovariotomised 
animals are growth in all parts of the reproductive tract and 
mammary glands, secretion by uterine glands and epithelium 
of the uterine tubes, typical contraction rhythm of uterine and 
tubal musculature, congestion, swelling, and other external 
signs of oestrus, typical female mating reactions, and scanty 
menstruation (in monkeys) after injections were stopped 
(see also Allen, Conirih. to Embryol., No. 98, 1927). In a series 
of papers on the internal secretions of the ovary Parkes and 
Bellerby (Jour. Phys., 61 , p. 562, 1926 ; 62 , p. 145, 1926 ; 62 , 
p. 301, 1927 ; 62 , p. 38s, 1927 ; 64 , p. 233, 1927) find that 
there appears to be some correlation between the size of the 
follicle and the relative activity of liquor folliculi and residual 
tissues of the ovary as regards the oestrus-producing extract, 
that injection of cestrin during the early stages of pregnancy 
invariably causes the rapid reappearance of oestrus and the 
termination of pregnancy, but larger amounts are required to 
do this at the later stages of pregnancy, that injection of oestrin 
during lactation (when oestrus is normally inhibited) caused 
oestrus and that the amount required to do this was pro* 
portional to the number of young suckling ; they also suggest 
that the presence of oestrin in the placenta is more easily 
explained on the pounds that the placenta withdraws oestrin 
from the maternm circulation to protect the foetus from its 
action rather than on the grounds that the placenta elaborates 
the hormone. They also find that oestrin is contained in the 
fluid found in the cavities of corpora lutea only and not in the 
solid tissue; extracts of the corpus luteum were prepared which 
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inhibited oestrus in the mouse. Tuisk (Jour. Phys., tti p. 180, 
1937) has shown that by continuous injection of extracts 
continuous oestrus can be maintained in mice as long as thirteen 
days, while Lipschiitz and Adamberg (C. r. Soc. d. Biol., 88* 
p. 1413, 1925) attributed the h3q}erfeminisation of males into 
which an ovary had been transplanted to the ripe follicles 
which persist instead of forming corpora lutea. The histo¬ 
logical features of the ripening and rupture of the follicle have 
been described by Shaw {Jour. Obs. & Gyn. Brit. Emp., 84 , 
No. 3, 1927). Pels {Klin. Woch., No. 50, 1926), who investi¬ 
gated the ovarian hormone in the blood, found a great increase 
in this substance during the latter months of pregnancy. This 
was also found by Aschheim {Med. Klin., No. 53, 1926), and 
Zondek and Aschheim {Klin. Woch., No. 10, 1926) have also 
described the distribution of the hormone in the ovary and 
during pregnancy ; they also {Klin. Woch., No. 28, 1927) 
have found ovarian and anterior pituitary hormone in the 
urine. The uterine effects of injections of liquor folliculi into 
castrated rabbits have been described by Courrier and Potrin 
(C. r. Soc. d. Biol., 94 , p. 878, 1926), while follicular extracts 
were shown to produce typical pro-oestrous changes in the 
uterus of the bitch and rabbit by Asdell and Marshall {Proc. 
Roy. Soc., B, 101, p. 185, 1927). Evidence on the regulation 
of the oestrous cycle has been produced in a series of papers 
by Parkes {Proc. Roy. Soc., B, 100, p. 172, 1926 ; 101, p. 71, 
1927 ; 101 , p. 421, 1927 ; 10 % p. SI, 1927) as a result of X-ray 
sterilisation ; although the ovaries of animals X-rayed at 
three weeks old contained no apparent cyclic structures 
(oo<^es, follicles), complete cycles of normal length were 
exhibited when puberty was reached, and it is concluded that 
the normal ovary possesses some cyclic mechanism which 
brings about the rhythmic production of oestrus and the 
coincident maturation of follicles ; ovariotomy of the sterilised 
g;onad immediately stops the cycle so the actual sterilised 
tissue removed is the actuating factor ; similar results were 
obt^ed in animals irradiated in adult life, and the fact that 
periodicity in the mouse is not altered by the elimination of 
the corpus luteum (as it is in the guinea-pig and the cow) is 
attributed to the absence of any marked luteal phase in the 
cyde of the mouse. The histological changes in these ovaries 
have been 'described by Brambell, Parkes, and Fielding {Proc. 
Roy, Soc., B., 101, p. 95, 1927 ; 101, p. 315, 1927 I P* 385# 
1928I. Brambell and Parkes {Q.J. Exp. Phys., 18 , p. 185, 
1927), by double ovariotomy on mice shortly before the oestrous 
period, found that the oestrous-producing stimulus becomes 
operative nearly two days before the appearance of oestrus and 
that the follicles undergo nearly the whole of their maturation 
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g^wth after the time when the oestrous stimulus becomes opera¬ 
tive ; they suggest that follicular maturation is not responsible 
for oestrous production, but that follicular maturation itself 
results from the operation of the oestrous-producing stimulus. 
Frei and StSheli {Dent. Tieraret, Woch., 84 , p. 755, 1926), 
who investigated the absence of heat in cows, found 87 cases 
due to persistent corpora lutea, of which 56 came on heat 
again 2-8 days after the corpus luteum was squeezed out, and 
80 per cent, became pregnant; cysts were the cause in 10 
cases, while in 36 cases inactive or atrophic ovaries were found 
which were successfully treated by massage of the ovary 
(6 cases) or intramuscular transplantation of ovary (13 cases). 
A book giving an account of original research and a summary 
of the literature on the oestrous cycle, pregnancy, and the develop¬ 
ment of the udder in the cow, has been published by Hammond 
(Reproduction in the Cow, Cambridge, 1927). The vaginal 
cycle in the cow has been described by Frei and Metzger (Berlin 
Tieraret. fVoch., 4 St, p. 64$, 1926), while McKenzie (Missouri 
Agr. Exp. Sta., Res. Bui., 88 , 1926) has given an account of 
the vaginal changes in the sow ; the latter suggests that the 
growth-producing stimulus is directed for the most part to 
the vestibule and vagina prior to oestrus and is then shifted 
to the area of the uterus to prepare that organ for possible 
pregnancy. Observations on the oestrous cycle in the mare 
have been made by Aitken (Fet. Pract. Bui., Iowa State College 
of Agric., 8, p. 178, 1926, and Jour. Amer. Vet. Med. Ass., 18 , 
No. 4, 1927); he finds no limited breeding season, a cycle 
averaging 22 days and a heat averaging 7 days, with ovulation 
occurring during the last or next to last day of heat while the 
corpus luteum of pregnancy is reduced below what would be 
considered as functional size before the middle of the gestation 
period. Comer (Jour. Amer. Med. Ass., 89 , p. 1838, 1927) 
finds that in the monkey menstruation frequently occurs 
without ovulation, and is therefore not dependent on the corpus 
luteum; menstruation without ovulation is, however, not 
preceded by the so-called premenstrual changes in the endo¬ 
metrium, which occurs only after the formation of a corpus 
luteum. In an account of pro-cestrum and pseudo-pregnancy 
Marshall ExP. Phys., 17 , p. 205, 1927) concludes that 
the menstrual discharge in man and monkeys represents pro- 
cestrous destruction often accompanied by pseudo-pregnant 
degeneration. In the ferret, which only ovulates after coitus, 
it was found by Hammond and Marshall (Proc. Phys. Soc., 
Jour. Phys., 68^ 1928) that the cycle (pseudo-pregnancy) can be 
produced at any time desired during the breeding season and 
so does not depend on any innate rhythmical process apart 
from ovulation and the formation of corpora lutea. A review 
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dealing with the whole question of the physiology of ovarian 
activity has recently been published by Parkes {Biol. Rev., 
Si p. 308, 1928). The circumstances affecting the oestrous 
cycle in the mouse have been described by Parkes {Proc. Roy. 

B. 100 , p, 151, 1926); it is prolonged by mating with 
vasectomised males and is inhibited during lactation, except 
where one or two young only are reared. Cameron and Amies 
{Australian Jour. Exp. Biol. & Med. Sci., 8, p. 37, 1926) find 
that thyroid feeding causes in mice an increase in the duration 
of oestrus and in the length of the whole cycle. 

(3) Fertility.—G&ocraX accounts of sterility and fertility in 
domestic animals have recently been published by Frei {Sterilit&t 
der Weiblichen Haustiere, Berlin, 1927) and Marshall and 
Hammond {Ministry of Agric. Research Monograph, No. 2, 
London, 1926). Most of the literature can be conveniently 
considered under the three successive stages at which fertility 
is controlled. 

{a) The Number of Follicles which ripen. —In a paper on some 
fundamental laws of ovarian dynamics, Lipschiitz {Biol. Rev., 
8 , p. 263, 1927) concludes that the number of primary follicles 
which enter into follicular development depend not upon the 
total number present but upon general internal factors outside 
the ovary. Crew {Biol. Gen., 8, p. 207, 1927) found in rats 
that litter size was unaffected following unilateral ovariotomy. 
Domm and Juhn {Biol. Bui., 68 , p. 458. 1927), from experi¬ 
ments on unilateral castration in fowls, similarly conclude that 
the general bodily metabolism favours the growth of a definite 
amount of gonad tissue and no more, and that on removal of 
one gonad the surviving member thereupon responds in pro¬ 
portion to its growth capacity up to the limits of the favourable 
metabolism. Hammond {Reproduction in the Rabbit, Edinburgh, 
1935), adopting Heape's idea of a “ generative ferment,” a 
product of intermediary metabolism existing only in small 
quantities in the blood, explains on this basis variations in the 
number of follicles which ripen and the dependence of the 
gonad for its germ-cell production and internal secretions on 
somatic nutrition. Smith {Proc. Soc. Exp. Biol. & Med., 84 , 

« , and Smith and Engle {Proc. Soc. Exp. Biol. <S» Med., 
and Amer. Jour. Anat., 4 ®, 1927) discovered that by 
the regular transplantation of anterior lobe of pituitary into 
very young mice follicles could be caused to ripen and ovulate 
before weaning age. Zondek and Aschheim {Arch. f. Gynak., 
UQ» p. 1, 1927), as a result of similar experiments, also con¬ 
clude that the anterior pituitary is the primary factor and the 
oymry the secondary factor in sexual functions, that the anterior 
pituitary hormone brings the follicular apparatus into action, 
induces the ripening of the follicles, and secondarily through 
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thes« the production of ovarian hormone. The application 
of this discovery to the control of fertility should be of great 
importance in the future. 

The seasonal variation in fertility has been investigated 
by several workers. Cole and Rodolfo {Proc. Amer. Soc. 
Animal Prod., p. ii6, 1924) found in cows a larger percentage 
of twins in animals breeding in October-December than in the 
other months of the year. King {Arch. /. Ent., U 2 » p. 61 , 1927) 
found in the rat that the fertility as measured by the number 
of litters born is at its maximum in spring and summer, but 
that there was no marked correlation between seasonal varia¬ 
tions in litter production and litter size, the average size of 
the litter being fairly constant throughout the year. Feldman 
{Carnegie Inst, of Washington, Pub. 337, p. 49, 1926), however, 
while confirming these observations on the number of litters 
born, obtained the largest litter size (7*3) in June and the 
smallest ^S’2) in October. He also studied the effect of age 
and the litter size, this increasing to a maximum (6*3) at 180 
days and then decreasing again. Parkes {Brit. Jour. Exp. 
Biol., 2 t p. 21, 1924) finds in the mouse that the second litters 
are the largest and that afterwards the average size decreases 
again. Jones and Rouse {Jour. Dairy Sci., 8» p. 260, 1920) 
find that the proportion of multiple births in cattle rises 
rapidly to 5 years old, and then more slowly, with no subse¬ 
quent decrease up to 15 years, whereas with sheep it rises to 
5 years and then falls. Fertility in sheep has been studied by 
Nichols, who shows {Jour. Min. of Agric., 88. No. 3, 1926) 
that the improvement of nutrition at tupping time raises the 
fertility of the flock ; he also investigated fertility in Southdown 
sheep {Jour. Agr. Sci., 18 . p. 365, 1926) and the effect of metro¬ 
logical conditions {Zeit. f. ind. Abs. v. Vererb., 48 , p. 313, 1927), 
White and Roberts {Welsh Jour.- of Agric., 8. p. 70, 1927) 
found great differences in fertility between mountain and 
lowland flocks of Welsh sheep, the percentage twinning de¬ 
pending principally on the condition of the ewes at tupping 
time and the date of tupping. Polyovular follicles in the opos¬ 
sum and other mammals have been investigated by Hartman 
{Amer. Jour. Anat., 87 , p. i, 1926). Several cases of freemartins 
have bwn described by Tuff {Festskrift B. Bang, Copenhagen, 
p. 175, 1938). 

{b) The Number of Ova which get fertilised. —While under 
normal conditions many more sperm are present than are 
required to fertilise the ova of any female, yet the chances of 
any one sperm arriving at the tops of the tubes at the right 
time are snaall. Walton {Proc. Roy. Soc., B. XW, p. 303, 1927) 
has shown that by artificially inseminating rabbits with 
semen diluted in successive d«^ees, first full fertility (and 
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large litters), then reduced fertility (and small litters), and 
eventually sterility is reached at a point when there are still 
fairly large numbers of sperm in the injected fluid. Hammond 
and Asdell (Brit. Jour. Exp. Biol., 4 , p, 155, 1926) found that, 
whereas the sperms will retain their fertility up to 38 days in 
the epididymis of the male rabbit, once they are deposited in 
the female tract their life is short—only up to 30 hours. In 
cases where the sperm had remained in the female tract for 
24-30 hours before ovulation small litters were frequently 
produced ; it is suggested that this is due to the end-point of 
the vitality of the sperms falling within the limits of time 
during which the process of ovulation occurs. That the ova 
of the rabbit are not capable of being fertilised for more than 
3-4 hours after being -shed has been shown by Hammond 
{Reproduction in the Rabbit, Edinburgh, 1925). Asdell {Jour, 
Amer. Med. Ass., 89 , p. 509, 1927) finds in man that fertility 
is higher in the early part of the cycle and falls rapidly from 
the sixteenth to twentieth day. Crew {Proc. Roy. Soc., Edinb., 
46 , p. 230, 1926) has shown that in the fowl fertile eggs are 
produced within 24-48 hours after the introduction of the 
male, that the length of life of the sperm within the body of 
the female is about 15-20 days, although eggs laid after the 
first week commonly fail to complete their development; he 
also found that if after the removal of a male a second male 
is introduced the influence of the first sire is removed by the 
seventh to the tenth day. 

Dunn {Poultry Set., 6, p. 201, 1927) could find no evidence 
of an effect of the age of the sperm up to 2 weeks on the viability 
of the embryo, but found that a great difference existed between 
the number of offspring produced from two cocks when a hen 
was mated to both in quick succession, there being no dis¬ 
crimination in favour of the sperm of close relations. Differ¬ 
ences in the fertility of stallions, where the average fertility is 
low (54 per cent.), have been found by Sanders (/oMr. Agr. 
Set., 16 k p. 466^926); each individual’s percentage in successive 
seasons tends towards a constant figure, so that there are 
definitely good and bad “ getters ” of foals. There was a 
slight increase in fertility from 3-13 years old in light horse 
stallions and a marked decline after 16 years. Savage, Williams, 
and Eowler {Trans. Roy. Soc., Canada, 81 , p. 425, 1927)1 from 
a determination of head-length distributions of sperms in bulls, 
find that abnormal curves unfailingly indicate genetically 
unsound sires, while Williams and Savage {Cormll Vet., Oct., 
P* 374 » * 927 ) have described the methods by which unsatisfac¬ 
tory sires can be detected. Redenz {PfUiger’s Arch. f. g. Phys., 
Z%6, p. 60s, *927) has shown that spermin does not prolong 
tl^^ life of the sperm. 
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Vitamin-A defidency in tHe rat has been shown by Parkes 
and Drummond {Brit. Jour. Exp. Biol., 8> p. 251, 1926) to 
produce sterility, but histological examination failed to rev^ 
a ca^e, and 13 was concluded that sterility was due to physio¬ 
logical disability and disinclination to copulate. Arrested 
development of the Muellerian ducts assodated with inbreeding 
was found by Fincher and Williams {Cortull Vet., Jan., 1926) 
to be a cause of sterility in cattle. 

(c) The Number of Fertilised Ova which develop to Birth .— 
Foetal resorption in cattle has been described by Turner 
(Wisconsin Agr, Exp. Sta., Pub. 82). Long and Parkes (Bioch. 
Jour., 18 , 1924) have shown that the process is one of autolysis 
on the part of the dead foetus. Hammond (Brit. Jour. Exp. 
Biol., 4 , p. 337, 1927) found that foetal tissues transplanted 
into the uterus are absorbed by the mucosa, although the 
graft will grow where attached to the muscle ; it is suggested 
that the foetal trophoblast has an active erosive function 
which is absent in other foetal tissues. MacDowell and Lord 
(Arch. f. Entwick., 109, p. 549, 1927) have shown that light 
doses of alcohol have no eifect on the pre-natal mortality of 
mice, while heavy doses increased the pre-natal mortality from 
one to two embryos per litter. Reynolds and Macomber 
(Anter. Jour. Obs. & Gyn., 8, No. 4, 1921) find that dietary differ¬ 
ences in rats too slight to produce ill-health cause lowered 
fertility, and Macomber (Jour. Amer. Med. Ass., p. 6, 1927) 
states that calcium deficiencies increase the intra-uterine 
mortality. The effect of different diets on fertility in the rat 
has also been investigated by Kennedy {Q.J. Exp. Phys., Iff. 
p. 281, 1926). Evans and Burr (The Anti-sterility Vitamins 
Fat Soluble E, Mem. Univ. of California, 1927) describes experi¬ 
ments with Vitamine-E, the absence of which causes sterility 
in the male and absorption of embryos in the female, in these 
cases all the embryos are absorbed, and not a few only. Hart¬ 
man (Contrib. to Embryol., 18 , No. 108, 1927) describes in the 
opossum cases of defective corpora lutea correlated with 
pathological uteri and death of all the embryos. Wriedt 
(Vererbungslehre der landwirtschaftlichen Nutstiere, Berlin, 1927) 
gives an account of foetal degeneration in various species ana 
explains those cases where only certain of the embryos perish 
by lethal Mendelian factors. 

(4) Pregnancy and Parturition. —The passage of the ova 
through t^ Fallopian tubes of the sow has been studied by 
Andersen (Amer. Jour. Phys., 88 , p. 557 ,.1927), who concludes 
on the basis of the distributions in the different segments that 
it passes through the upper portion quickly, stays a com¬ 
paratively long time in the lower middle portion, and moves 
rather qmc^ through the uterine end. By means of unilateral 
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ovariotomy Warwick {AncU. Rec., 88. p. 29, 1926) has dcmon> 
strated that intra-uterine migration of the ovum takes place 
in the sow ; there was an indication that migration had 
occurred in 42 per cent, of cases in normal pregnant uteri. 
Ancel and Bouin {Gynd. et Obsir., 18 . p. 401, 1926) have again 
brought forward evidence that it is the corpus luteum which 
prepares the uterus for the fixation of the egg and deny Sch^c- 
kele’s contention that it is the follicle which prepares the uterus 
for fixation. Teacher {Zeit. /. Anat. v. Entwick., 78 . p. 360, 

1925) concludes that the human ovum burrows into the endo¬ 
metrium like a vigorous parasite destroying maternal tissue 
and provoking inflammatory and reparative action. Shaw 
(Jour. Obs. & ^n. Brit, £mp., 84 » p. 1,1927) finds that decidual 
ceils may be found in the premenstrual period of the cycle 
and that their production is controlled by the corpus luteum ; 
he also finds (Jour. Obs. 6* Gyn. Brit. Emp., 88, p. 183, 1926) 
that the interstitial cells of the human ovary are derived from the 
theca interna cells of the follicle and that they are produced 
during pregnancy. Tamura {Brit. Jour. Exp. Biol., 4 . p. 81, 

1926) has observed hypertrophy of the zona fasciculata and 
degeneration of the zona reticularis of the suprarenals of the 
mouse during pregnancy. Cases of superfcctation in pigs and 
sheep have been reported by Buchanan Smith {Jour. Anat., 

p. 329, 1927, and 88, p. 100, 1927). The action of posterior 
pituitary extract upon the pregnant uterus of the rabbit has 
been studied by Knaus {Jour. Phys., 81 * p. 383,1926), who found 
that from the first to the seventeenth day it was not possible 
to disturb pregnancy with a reasonable dose, that from the 
eighteenth to the twenty-eighth day no quantity of pituitary was 
ever found sufficient to induce abortion on that day, but the 
foetuses were killed inside the uterus and were aborted some days 
(2-6) subsequently, that from the twenty-ninth to the thirty- 
second day a very small dose caused the birth of one foetus, 
while a larger one caused the whole litter to be born immedi¬ 
ately. In this and further publications {Arch. /. Exp. Path. u. 
Phcam., 181 , p. 152, 1927) he stresses the effect of the degree 
of development and sensitivity of the uterus muscle at the 
different stages as being an important factor in the cause of 
birth. A general review of the conditions governing parturition 
has been published by Marshall {Biol. Rev., 8, p. 129, 1927)* 

{5) Artificial Insemination. —Lush {Jour. Agr. Res., 80 , 
p. 893, 1925) attempted the centrifugal separation of roale 
and female producing sperm in the rabbit, but found no differ¬ 
ences in the sex ratio of young produced from the inseminations. 
Yamane and Egashira {Jour. Jap. Soc. Vet. Sci., 4 , p. 101, 
1925) found in rabbits that artificial insemination without a 
atenle mating at the same time only gave a low fertility (8 per 

Id 
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cent,), whereas with a sterile mating they obtained a high 
degree of fertility (62 per cent.), showing that ovulation omy 
rarely takes place spontaneously in the rabbit. They also 
found (Dobuisueaka Zasshi, Tokyo, 88, p. 299, 1934) by artificial 
insemination that crosses between the hare and rabbit were 
not possible. Walton, Hammond, and Asdell (Verh. J. Int. 
Kong. Sexttalfors., Berlin, 8, p. 217, 1928) have investigated 
the effect of temperature on the life of the rabbit's sperm 
outside the body; the optimum temperature was found to 
be 10® C., at which young were produced after 78 hours, and 
the possibility of transporting semen by post was demonstrated. 
Iwanow (C. r. I'Acad. d. Set., 188 , p. 456, 1926) has been able 
to keep the sperm of the rabbit 7 days, and that of the guinea* 
pig 8 days in the epididymis separated from the body at i®- 
2® C. and has obtained young on artificial insemination. 

(6) Male Organs .—^Moore (Biol. Bui., 61 , p. 112, 1926), 
as a result of replacing abdominal testes in the scrotum, 
concludes that only in the scrotum are spermatozoa produced 
by the testis. Cunningham (Brit. Jour. Exp. Biol., % p. 333, 
1927) suggests that the adaptation of spermatogenesis to 
temperature is the consequence of the evolution of the scrotum; 
his experiments failed to confirm Steinach’s theory that re¬ 
juvenation depends on increase of the interstitial cells of the 
testis, and that this increase can be produced by ligation of 
the vas deferens. Tamura and Crew (Proc. Roy. Soc., Edinb., 
40 ; p. 283, 1926) found that degeneration of the germinal 
epithelium invanably follows vasectomy in the mouse, but 
does not become evident until some time has elapsed ; similar 
degeneration follows epididymo-deferentectomy, but after a 
much shorter interval of time. Warwick (Anal. Rec., 81 , p. 19, 
1925) found that vasectomy of itself does not cause degenera¬ 
tion of the seminiferous tubules in pigs. In a report on Voro- 
noff's experiments on the improvement of live stock by testicular 
grafts Marshall, Crew, Walton, and Miller (H.M. Statiomry 
Office, 1928) suggest that it is highly desirable that the matter 
be put to further and more critical test in this country, where 
conditions are more favourable to scientific control. 

TSBBZSVOmZO AJUVJBOLOar. By L. J. P. Gaskin, librarian to 
the Royal Aatfaropotogical Institate London. 

Ai^iquify, June 1928.—^In this number Mr. Randall-Maciver 
completes his studies on “ Forerunners of the Romans." Mr. 
Maciver states that at the date of about 1000 b.c., a little 
after the beginning of the Iron Age, Northern and Central Italy 
was divided into five distinct spheres of dvilisation, occupied 
by the following peoples: in the north-west, the Comacm^, 
in Venetla, the Atestines, in the Bolognese region, the northern 
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Villanovans, in Tuscany and part of Latium, the southern 
Villanovans, and east of the Apennines, from Rimini to Aufi- 
dena, the Adriatic coast and the central Apennines, by the 
Picenes. 

In the cultural development of these peoples, the author 
stresses the importance of the Villanovans as metal workers 
and attributes the rapid pre-eminence of the Etruscans in the 
copper, bronze, and iron trade of the Mediterranean to the 
presence of skilled and experienced Villanovan coppersmiths 
among them as serfs and dependents. 

In "Two Great Dolmens of Central France ” Admiral Boyle 
Somerville describes : (1) Dolmen de Saint Antoine du Rocker. 
This Dolmen consists of a single chamber 30 feet long (inside), 
11 feet wide, and 6 feet high. The remains of an alUe couverte 
are to be noted and the orientation indicates the line of apparent 
sunrise on the days of the equinoxes (March 21 and September 
21). (2) Grand Dolmen de Bagneux. This is said to be the 
largest Dolmen in existence ; it is about 61 feet long, 16 feet 
wide, and 9 feet high. There are, as at Saint Antoine du Rocher, 
the remains of an allSe couverte, and the orientation of the 
Dolmen is similar. Admiral Somerville is to be commended 
for the excellent drawings which accompany this article, and 
for his careful measurements of the two Dolmens. 

Dr. Einar Gjerstad, the head of the Swedish Archteological 
Expedition to Cyprus, who worked last year at Lapithos on 
the north and Karavostasii (ancient Soli) on the north-west 
of the island, writes on the results of the excavations. 

At Lapithos; twenty-three tombs from the early and middle 
Copper Age and twenty tombs from the early Iron Age were 
opened and examined. Dr. Gjerstad adduces from the results 
of the excavations that the Greeks colonised Cyprus in the 
late Cypriote III period just at the end of the Bronze Age. 

At Karavostasii (Soli) the theatre has been excavated. It 
was built in the Hellenistic period and rebuilt in the late 
Roman perilSid. Of great interest is the discovery of a Greek 
temple within the theatre walls ; it is evident that when the 
theatre was built a Doric archaic temple was demolished to 
serve as building stones. The foundations of the temple have 
been found ; but it yet remains to be seen whether the archi¬ 
tectural fragments found in the theatre belong to this temple. 

In " Recent Finds at Beisan ” Mr. Alan Rowe describes the 
excavations of the southern and northern temples of Thothm^ 
III. In the southern temple the following are the main div^ 
sions: the inner sanctuary, a rectangular room with a brick 
altar for cult objects and a stone altar for meat ofienngs ; a 
sacrificial altar-room, containing a great altar of sacrifice with 
two stops leading up to it—the remains of a bull were discovered 
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in this room ; a courtyard with tables ; a room north of the 
inner sanctuary, southern corridor, and mazzebah. 

The northern temple has not yet been thoroughly excavated ; 
from a room to the south of it came an object of p*eat interest, 
a bowl with an undulating serpent carved on it m high relief. 
The importance of this find lies in the fact that serpent-worship, 
so common in Beisan during the reigns of the later Egyptian 
kings, was already practised there in the reign of Thothmes III. 

Eurasia SepterUrionalis Antiqua (vol. 3, 1928).—In a longand 
well-illustrated article, entitled " Permian Studies,” Prof. 
Tallgren discusses the genealogy of the ” Permian Idols.” He 
traces their descent from the old cultures of the Near East 
which established themselves in the forest districts of Russia 
in the second millennium b.c. In this connection it should be 

E ointed out that Hittite and Russian Bronze Age Cultures 
ave many common traits, and that Hittite bronze idols have 
been found as far north as Bohemia and East Prussia. 

In the second part of this article Prof. Tallgren writes 
on the “ Permian-Scythian Fish and its Descendants.” He 
points out that the horse was a valuable property in the eyes 
of the nomadic Scythians ; it enjoyed the special protection of 
a great deity ” Anahita,” who was at the same time the deity 
of waterways and flowing water. Its s}rmbol was the fish, 
a fish which resembles the sturgeon, and is commonly found 
carved in silver on horse-trappings, etc. Prof. Tallgren 
thinks that Scythian art motives did not spread to Perm from 
ancient Scythia, but from the east and south-east, from the 
Asian, not from the European, side. 

M. N. Bortvin reports on the Verkhny-Kizil discoveries. 
This is a Bronze Age find made near the village of Verkhny 
Kizil in the district of Troitsk in the Ural region. The inventory 
includes such articles as bracelets, bugles, neckbands, rings, 
daggers, sickles, fishing-hooks, hoes, spear-heads, and pottery. 
M. Bortvin connects this find with the Abachevo Bronze Age 
culture and dates it in the second half of the second millen¬ 
nium B.c. 

Antiquaries Journal (July 1938). —In an interesting article 
on early ma^ifyin^-glasses Mr. H. C. Beck mentions Mr, 
Forsdyke’s discoveries this year in Crete of two crystal 
magnifying lenses that date back to 1200 b.c. He hopes that 
the results of Mr. Woolley's excavations at Ur will bring to 
light lenses of an earlier date. Of an interest as an early 
reference to magnifying-glasses in literature is a mention of the 
burning glass by Amtoimanes in the Clouds {circa 343 b.c.). 

Mr. C. F. Fox writes on a Bronze Age refuse-pit at Swanwick 
(Hants). Remains of one or two primitive looms, of loom 
weights of burnt clay, imperfectly fired, centrally pierced, and 
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of different sizes were found. Mr. Fox assigns a late Bronze 
Age date to these finds {circa 1000-600 b.c.). Close to the 
pit a hoard of bronze palstaves was discovered. 

In view of the fact that Bronze Age hoards are very fre¬ 
quently discovered in forest areas, Dr. Cyril Fox has come to the 
conclusion that the bronze founders sought the forest because 
of the supply of fuel close at hand. 

Prace i MaierjcUy Archeologiczne, (tome 4, 1927).—In a long 
and profusely illustrated article on sites of the “ Hallstatt 
Culture ” in the valley of the Dunajec, a tributary of the 
Vistula, M. J. Zurowski first surveys the whole of the finds in 
the Dunajec Valley, he then analyses the material found, and 
finally gives the chronolo^ of the objects discovered and the 
different cultures which they represent. In his survey of the 
pre- and proto-history of the Dunajec Valley M. Zurowski 
finds traces of a Neolithic population succeeded by Bronze 
Age peoples of the “ Hallstatt Culture,” and, of this culture, 
he distinguishes (after Reinecke) three distinct groups, namely 
Hallstatt, B, 1000-800 b.c. ; Hallstatt, C. 800-500 b.c. ; 
Hallstatt, D. 700-550 b.c. M. Zurowski lays special emphasis 
on cultural influences from Hungary, and in a lesser degree 
from Slovakia. The influence of the Scythians in Little Poland 
is "very marked. There is an excellent map of the sites. 

Ttjdschrift van ket KoninkUk Nederlandsch Aardrijkskundig 
Genootschap (July 1928).—In reporting three implements of the 
Upper Palaeolithic Era, recently discovered in Sumatra, Prof. 
J. P. Kleiweg de Zwaan asks the question, ” What is the 
extent of our Imowledge of prehistoric man in the Dutch East 
Indies and the neighbouring continents ? ” He approaches 
the subject from two points of view: (i) the human remains, 
(2) implements made by prehistoric man. 

For the human remains he surveys the finds of Dubois in 
Java, the Australians and Tasmanians, the Veddas of Ceylon, 
the inhabit^ts of the Celebes, the kitchen-middens of Malacca, 
the cave dwellers of Perak, and Verneau’s finds in Indo-China. 

Of the stone implements he finds that the oldest culture is 
to be found in Sumatra, but palaeoliths have been found in the 
Malay Peninsula, Ceylon, Sarawak, and Indo-China. Imple¬ 
ments of the Neolithic Period, to which he assigns four cultural 
phases each with a distinct technique of its own, are found 
spread all over the Middle East. 

Dcr Baycrischt Vorgesckichtsfreund (Heft 7, 1927-8).—In an 
article on the MQnchshdfer pottery in Western Bavaria, Herr 
P. Reinecke discusses its technique and its cultural affinities 
with other types of Neolithic pottery in Germany, Austria, 
and Moravia. Distinctive types of MUnchshofer pottery are 
the large pedestal dish, or vase, and the thick-lipped beaker. 
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Herr Reinecke assigns a date of 2500 b.c. to this culture. 

DolgozcUok {tomst 1-2, 1928).—In a well-illustrated article, 
Dr. M. Roska discusses the Bronze treasure at Tet^tlen. While 
tracing cultural affinities in the objects found with an early 
type of " Hallstatt Culture," Dr. Roska dates the treasure as 
npt earlier than 900-800 b.c. 

In " Excavations near Oszentivan," Dr. Banner writes on the 
different types of pottery found, discusses the technique, and 
assigns it an early Bronze Age date. In the excavation of the 
graves, bronze arm-bands, bracelets, and pearls have been 
found among the associated grave goods. 

Prcekistorische Zeitschrift (Band 18, Heft 3-4, 1927).—In a 
well illustrated article on the Stone Age material from the 
Southern Mediterranean in the Museum fUr Volkerkunde, 
Berlin, Fraulein Baumg^Lrtel and Herr Brotzen survey the 
Palaeolithic, Mesolithic, and Neolithic cultures of Northern 
Africa. Their inquiry extends from the Sahara on the west 
to Palestine on the east. 

Dr. Jacob-Friesen, in a long and well-illustrated article, 
discusses the technique of the bronze wheels discovered at Stade. 

Of interest is the fact of the distribution of the Stade type 
of wheel, similar finds being made at Hassloch, Langres, Cortail- 
lod. La Cdte-Saint-Andr^, Nimes, and Fa. 

Bulletin de la SociiU prdhisiorique frangaise (April, May, and 
June, 1928).— April. M. Vignard records the results of four 
years’ work at Sibil, Assouan Province, Upper Egypt. In the 
work of excavation he distinguishes three levels ; in the first 
he has found implements of Mousterian form, in the second 
implements of a similar character not so well formed, and in 
the third microliths. M. Vignard finds parallels between the 
implements of the first level and those of the Egyptian Mous- 
tenan period; he thinks that the'finds in the second level 
combine the forms of the Aurignacian, Magdalenian, Solutrean, 
and Azilian cultures which separate in Europe and that those 
of the third level correspond to the Tardenoisian industry. To 
the whole he gives the comprehensive name of S^bilien. 

The article is illustrated by a series of plates. 

May. In a preliminary note on the archseological expedi¬ 
tion to Southern Tunisia (1927-8) Dr. E. Passemard states 
that late Palaeolithic and early Neolithic objects have been 
discovered. The discoveries will be treated more fully in 
future numbers of the Bulletin. 

June. M. Vayson de Pradenne, in an article on the sign 
of the sickle on the Breton Megaliths, points out that the 
flint-edged wooden sickle was very common at the beginning 
of the Bronze Age. He traces tnis form of sickle from the 
Upper Fayum, Egypt, through Italy to Brittany. 
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ExhibUioHs. —Since archaeological exhibitions record in the 
most concrete fashion the results of recent discoveries in 
arclueology, some mention of them has been made here, 

British Museum, Antiquities from Ur. —^The excavations at 
Ur, 1927-8, have resulted in a rich harvest of archaeological 
objects of great interest and value. In the grave of Mes- 
Kalam-Dug, inside the coffin itself, were found a golden dagger, 
lamp, and bowls inscribed with the name of the prince; against 
the bod3r was a tumbled mass of ear-rings, bracelets and beads, 
and resting on the arms and skull a golden wig-like helmet in 
a state of perfect preservation. The grave of Queen Shub-Ad 
yielded a most elaborate form of headdress comprised of gold 
leaves, golden pendants, and gold flowers inlaid with white 
shell and lapis lazuli. Of interest was the discovery in the 
tomb of the king of a beautiful silver model of a boat, similar 
in type to those in use in the marshes of Mesopotamia to-day. 

Royal Anthropological Institute. —^The archaeological objects 
found by Miss Cfaton-Thompson during the 1927-8 expedition 
of the RJ\.I. to the Fayum were exhibited at the Institute 
from July 9 to 21. Plans and photographs in the exhibition 
illustrate the important discovery of a Ptolemaic irrigation 
system in the northern desert. The work is dated by a series 
of coins of which the earliest belong to the reign of Ptolemy II 
(285-247 B.c.) and the latest to Ptolemy III (247-222 b.c.). 

The discovery of gypsum quarries some 30 miles from 
the P^mids led to the further discovery of some 250 stone- 
hut-circles which had housed a population of about 1,000 
people employed in finding the gypsum to powder for use 
as plaster in the erection of the Pyramids. 

A large number of hand-picks and crescent grinders were 
found which had obviously been used in the manufacture of 
alabaster vases, some 3,000 of which were found on the site. 
Of interest is the fact that in this subsidiary industry not one 
of the vases was finished, which suggests that it was the custom 
to finish th^fhi elsewhere. 

University College, British School of Archaology in Egypt .— 
The principal work of the British school during the last season 
lay in Palestine at Tell Fara, Beth-Phelet. A large number 
01tombs were opened extending back to the nineteenth djmasty; 
all had been tampered with. Amongst the finds was a Bro^e 
Age couch of Mesopotamian pattern and a silver dipper, l^yios 
the handle modelled as a swimming girl (photos only, originals 
in the Palestine Museum). Pottery, pieces of jewellery, strings 
of beads, and about 200 scarabs (proving connection with Egypt) 
yrere also found. 
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THE J PHENOMENON IN X-RAYS 

By B. L. WORSNOP 

' L 'Oum in Pky$ic$t King*s CoiUg*, London 

The J Radiation 

In the Bakerian lecture for 1916 Professor Barkla announced 
that he had evidence in elements of low atomic weight, of a 
characteristic radiation which was more penetrating than the 
K radiation of those elements ; to this he assigned the name 
" J radiation." It was detected by three methods. These were: 
f 1) ionisation method; (2) corpuscular radiation method ; 
(3) absorption and fluorescence method. 

We will consider the first two together. The method em¬ 
ployed was to pass a beam of X-rays from the same source 
into two ionisation chambers and to measure the ionisation 
produced in air in the one and, say, SO* in the other. It was 
found that the ionisation produced in air and SOt was in 
constant ratio when the penetration of the incident X-rays 
was small, as seen to the right of Fig. i. For an incident 
radiation corresponding to the point A, however, this constant 
relation was no longer found. As seen in the figure, a rise 
occurred, which was ascribed to extra ionisation in the nitrogen 
of the air produced by the electrons associated with the emission 
of the *' J radiation " of nitrogen. The second point of interest 
in tins experiment was the result which is shown at point C, 
where it may be noticed that the relative iomsation curve 
falls quite suddenly. This fall was said to be due to a similar 
increase in ionisation in the SOi, caused by the emission of 
the J electrons of sulphur. 

As is well known, if a beam of X-rays passes through 
hydrogen the ionisation produced is very small, but if a metal 
is pla^ within the atmosphere of hydrogen, and in the beam 
of rays, a large amount of ionisation is produced by the electrons 
which are ejected from the metal by the " photoelectric " 
action of the X-rays. This type of experiment was then per¬ 
formed in one ionisation chamber and the ionisation so pro- 

344 
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duced was compared with the ionisation produced directly in 
air in the second chamber. As with the first experiment, 
the ratio of the two ionisations was constant for the more 
absorbable rays, but, both in the case of a copper and an 
aluminium source of photoelectrons, there was a sudden rise 
at the same point A at which a divergence had been observed 
for SO, and air. The comparison between air and aluminium 
is illustrated in curve 2 in Fig. 1. It will be seen in this case 
that a drop occurs in the ratio at a point B, whereas in curve i, 
for copper and air, no such drop is to be found. A general 
examination of the results makes it clear that the change at 
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A, B, and C, corresponding to the supposed excitation of the J 
radiation in nitrogen, aluminium, and sulphur, is for an incident 
penetration which increMes as the atomic weight of the source 
mcreases. The suggestion of a characteristic radiation under 
the conditions represented therefore seemed not an improbable 
one. 

The _ second method of showing the effect, depended on 
abso^tion measurements veiy similar to those used to establish 
^e K and L series at an earlier date. A beam of heterogeneous 
whose averaro wave-length was reduced for successive 
obs^ations, was absorbed in iron and aluminium and the 
ratio of the mass absoiption coefficients (/*//>) in these sub¬ 
stances was plotted against an estimated value of the mean 
wave-length of the radiation used. It will be remembered 
that the evly work of Barkla and others showed that such a 
ratio as this is coiutant when the radiation used is well removed 
from an absorption limit of the material of the absorbers. 
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The results of Barkla in this investigation are shown in Fig. a, 
wh&rt it is to be noticed that the ratio of the absorption in 
iron to the absorption in aluminium for wave-lengths greater 
than 1*9 A.U. is definitely a constant, but at this wave-len^h 
the ratio shows a very marked rise. This rise is to be antici¬ 
pated as being due to the extra absorption in iron brought 
about by the excitation of the K radiation of that substance. 
In other words, the incident radiation at this point is just a 
little more penetrating than the most penetrating of the iron 
K series. 

The fall that occurs at •$ A.U. is not to be anticipated, 
however, in terms of known radiations ; Barkla explained it 
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as being caused by a similar extra absorption in aluminium 
brought about by the excitation of the J radiation in aluminium. 
The wave-length was found to be of the same order as that 
corresponding to point B in Fig. i. 

The third method was another previously used in the 
early experiments on the K and L series. An X-ray tube was 
set at one definite hardness and the absorption coefficient 
of the rays was determined in paper, aluminium, paraf^, 
wax, and copper; the tube was then hardened or softened, 
and for each state the absorption coefficient was determine 
in these substances. The experiments already described had 
shown that copper apparently did not readily emit a J radia¬ 
tion ; the absoiption coefficient of copper was therefore taken 
as measurii^ the hardness of the rays, and the absorption 
coefficients in the other substances were plotted against that 
of copper. These results were shown in Fig. 3. Discontinuities 
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were found in aluminium, oxygen (both in water and paper 
for the same in copper) and carbon (paraffin wax) as seen 
iii the figure. Using the results of Siegbahn and Hull and 
Rice, they found the following as the probable wave-length for 
the corresponding J radiation ; 

Aj - "37 X io~*cm. (Al); *39 x io~* cm. (O); -42 x io“* cm. (C). 

It will be realised that these breaks resemble very closely the 
kind of discontinuity which Barkla and Sadler found in their 
work on the K- and L-rays. 

All the experiments seemed to indicate the conclusion 
which Barkla reached, that the elements investigated did 



indeed emit a characteristic radiation with a wave-length of 
that given above. Some independent support for this con¬ 
clusion was to be found incidentally in the work of Owen, C. M. 
Williams, and Dauvillier. One very noticeable feature, how¬ 
ever, was that Aj for the different elements investigated varied 
quite considerably. It has since been shown that all these 
results may be quite well explained in other ways, e.g. in terms 
of absorption in the anticathode, absorption in iodine, which 
was in the ionisation chamber of the spectrometer as methyl 
iodide, etc. 

J. A. Crowther, in 1921, discussing his observations on the 
scattering of X-rays, suggested two alternatives to account 
for the softening of the scattered beam. These were : (a) a 
possible increase in wave-length, and {b) an emission of a softer 
characteristic radiation such as Barkla had suggested. He 
came to the conclusion that the first explanation was not 
consistent with his observations as nearly as the second, but 
he pointed out that the wave-length which it was necessary 
to adopt for the J radiation in the elements investigated, 
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namely, c<mper, aluminium and parafi&a wax, differed from those 
found bv Barkla. 

In all the cases considered above there had been rfo direct 
determination of the emission of J radiation. In 1919 Duane 
and Shimizu attempted to find the J emission lines of aluminium, 
by making that metal the anti-cathode of an X-ray tube 
and examining the spectrum of the radiation given out, 
using the Bragg spectrometer. They covered the range of 
wave-length from *18 to 1*259 A.U., i.e. from the upper limit 
of tube safety to the lower limit set by the absorption in the 
glass of the tube. They found no trace of a radiation corre¬ 
sponding to any of the values suggested in the previously 
described experiments. All the variations in intensity in the 
ionisation curves were accounted for, and they concluded that 
if a J radiation did exist it was less than i per cent, of the 
general radiation of the tube. 

Richtmeyer, in absorption experiments, and Siegbahn, in 
emission experiments, came to the same conclusion. These 
conclusions had the support in 1923 of Barkla, who admitted 
that his attempts at a more direct manifestation of the J radia¬ 
tion had not succeeded, but that the discontinuities of the 
previous experiments remained. 

The end of this phase of the subject may be ve^ well 
summed up in the following quotation from the Silvanus 
Thompson lecture delivered by Professor Barkla in 1924 
{Nature, November 1924): "No direct evidence of the emis¬ 
sion by the absorbing substance of a characteristic radiation 
^of the J series) has been obtained. If it exists it must be very 
feeble. What originally appeared to be a fluorescent radiation 
(and to others a modified scattered radiation) has been found 
to be merely the scattered radiation transformed by transmis¬ 
sion through matter after its production. The radiation is 
neither characteristic nor scattered, but it is a scattered radia¬ 
tion after having been transformed by the J process (a similar 
process in many ways to fluorescence with the emission of 
cWacteristic X-rajrs).” 


The j Phenomenon 

Although the position as to the lack of J radiation was 
quite definitely established, there still remains the sudden 
change in the ionisation, and in the absorption as observed 
in the experiments recorded. These discontinuities are now 
refored to as the " J discontinuities ” caused by the " J 
phenomenon," which is, according to Barkla, distinguished 
from the diaracteristic radiation by the following features : 
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“ (i) The phenomenon is conditional on some unidentified 
factors (possibly of intensity or superposition), whereas as in 
fluorescence Stokes’s law is the only condition. 

“ (2) The sudden changes in absorption and ionisation 
appear to be absolutely abrupt, even when a heterogeneous 
primary beam is used. 

“ (3) The point at which the discontinuity occurs appears 
to be more closely connected with the rate of absorption of 
energy than with the critical wave-length (though the former, 
of course, depends on the wave-length) ” {Nature, 1924). 

If these characteristic features are to be taken as estab¬ 
lished, the negative results of Dunbar do not have the significance 
they otherwise would have. Dunbar repeated the work of 
Barkla and White (Fig. 3) and was unable to find any trace 
of discontinuities in the same substances over the same wave¬ 
length. He performed these experiments in the Edinburgh 
laboratories, and his work is the only recorded consistently 
negative results obtained there. He concluded his account 
of them by suggesting that " there is an alternative process 
of scattering,” and that under the conditions of his experiments 
no J discontinuities appear. He used a Coolidge tube, whereas 
the other workers used gas tubes ; in both cases the tubes 
were excited by induction coils run from mercury jet inter¬ 
rupters. 

His conclusions are concordant with the results given by 
Barkla as supporting the first feature just quoted, i.e. many 
of the effects were obtained at one time and not at another, 
in fact, the discontinuities ” appeared and disappeared before 
our eyes while we were unable to detect change in the con¬ 
ditions.” 

Below are a few of the results obtained in support of the 
three characteristic features of the J phenomenon. Fig. 4 (<*) 
shows the rel^ion between the absorption in aluminium and 
an estimate 0? the wave-length for two beams taken at the 
same time but in different directions from the anti-cathode 
of a tube which was hardened and softened to cover the range 
shown. It will be seen that a break occurs in both beams 
when /i/f> is reduced to *7 and not when the estimated wave¬ 
length is the same. This suggests that the discontinuity is 
more intimately connected with the absorption of the beam 
as a whole than with the wave-length. Fig. 4 (^) shows the 
results obtained under idratical conditions at another time. 

More support for condition (3) was claimed from a type of 
exp»hnent ulustrated in Fig. 5. X-rays from a tube were 
absorbed in aluminium, pap^, and copper. When the ra3rs 
lusd not been previously filtered a linear relation between 
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{t^lpUi and (m'p)a) was obtained as the tube was softened ; but 
it was found that if some of the softer components of the 
radiation were removed by filtering the beam in an aluminium 
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screen before measuring the absorption, a discontinuity occurred. 
The same thing happened with paper. It was held that the 
unfiltered beam had all the constituents of the filtered; the 
wave-lengths of the second case were present in the ^t, but 
no discontinuity occurred, and therefore it would appear that 
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the J phenomenon is not so much dependent on the wave¬ 
length as on the mean absorbability of the beam as a whole. 
It seemed to Barkla that the absorption coefficient represented 
a mean condition, something analogous to temperature for the 
cohered beam, and he often refers in his papers to the “ tem¬ 
perature ’’ of the radiation in this sense. 

Probably a better analogy would be to refer to the “ colour ” 
of the rays, for the same mean absorption may be obtained 
by a mixture of a hard and a soft component as by mixture of 
two components of medium hardness. 

In whatever way one interprets the mean mass absorption 

coefficient of a heterogeneous beam, the remarkable fact is 

/ 



that the discontinuities, when they appear, do so suddenly. 
This makes an explanation of the facts in terms of the hetero¬ 
geneity of the beam less convincing, and untenable in the case 
of sharp breaks. It looked as if the absorbing substances 
became temporarily more opaque in the J phenomenon. 

The j Phenomenon in the Scattered Beam 

The classical theory of scattering leads to the conclusion 
that scattered X-rays are identical with the incident primary 
beam. While this was shown to be so in general by the 
wly work of Barkla, discrepancies had arisen in experiments, 
for example in those of Barkla, and in the work of Crowther, 
already quoted. 

Some of the discrepancies could be explained in terms of 
electron distribution, but there still remained experimental 
results whidi could not be reconciled, by any device, with the 
cmsical theoi^. To account for the growing amount of 
evidence of this nature, A. H. Compton put forward quantum 
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theory of scatteriiq; which led to the conclusion that a quan^* 
turn of incident radiation, Av, after impact with an electron, 
lost energy equal to that of the recoil of the electron, and was 
consequently scattered as a quantum Av', where v' was less 
than V, i,e. this theory led to one of the alternatives which 
Crowther had suggested, but abandoned two years previously, 
that there was an increase of wave-length on scattering. This 
conclusion was supported by convincing X-ray spectroscopic 
evidence. 

On the other hand, Barkla and Sale, on experiments on 
scattering, found that " when the primapr and secondary were 
compared by their power of penetrating thin sheets, they 
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appeared practically identical; but thicker absorbing sheets 
showed a most decided difference (about 12 per cent, in absorp¬ 
tion coefficient).” 

The difference in the two points of view was that Compton’s 
calculations led to the conclusion that a cha^e in wave-length 
took place in the process of scattering. This change in wave¬ 
length given by the expression 


•V 


A'-A. 


A / 

' —. (i 
me ' 


cos 


where A is the incident wave-lei^h. A' is the scattered wave¬ 
length, A is Plank’s constant, c is the velocity of light, and m 
is the mass of an electron, t.e. the change is independent of 
the wave-length. Barkla, on the other hand, maintained 
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that the rays were truly scattered, i.e. were of the same wave¬ 
length as the primary, but that the difference in hardness, 
when it occurred, was due to the " J phenomenon quite outside 
the scatterer,” in fact, in the absorbing sheet used to test the 
radiations. In the absence of the absorbing sheets the radiation 
was said to be of the same wave-length as the primary beam. 
The difference in absorbability was, it was suggested, a result 
of the fact that the scattered beam showed the J phenomenon 
more than did the primary, and a large mass of evidence has 
been accumulated for such beams. 

The type of apparatus used is shown in Fig. 6. R is a 
paper, paraffin wax, or aluminium scattered, A and B are 



Fio. 7. 


identical electroscopes or ionisation chambers, and S, and S, 
are equal absorbing sheets. 

The experiments dealing with scattering at right angles 
to the incident beam were of two sorts : (a) the X-rays were 
varied in penetration and the absorbers S, and S, were made 
the same, aii^d the X-rays were kept constant and the 
sheets of S, and S, were increased equally. 

Fig. 7 shows a typical set of results by the first method. 
The ratio of the ionisation in B (scattered) and A (primary) 
when no absorber was in the beams is called S/P ; the ratio 
when equal thicknesses of absorber were at S, and S, is called 
S'/P*. By means of screens the ratio S/P was made unity. 
It was then found that S/P remained at this value however 
the primary beam was altered, as seen by the broken horizontal 
line in the figure. The ratio S'/P' was found to be the same 
for soft rays, but at a certain mean penetration of the incident 
ray (about m//» - 3*8) there was a sudden decrease to some 
new value about 10 per cent, less than before. The new 
value held until the mean penetration of the incident beam 

*7 
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was of the order nfp 2, when another steady value of the 
ratio held for a range of penetration to m/p 7- 

In some cases the value of S'/P' for rays of m/p “ 3’8 came 
on the lower level, ».«. S'/P' was less than S/P for all values 
of m/p in the prima^ rays. This constitutes Barkla’s case b, 
which is illustrated in Fig. 8. 

In all cases it is seen that the value of S'/P was the same 
as S/P, or something quite definitely different, and the change 
took place in a sharp manner in spite of the fact that the rays 
used were heterogeneous. 

The results of the second method, where the beam is con¬ 
stant for all the observations, are as represented in the typical 
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curves shown in Fig. 9. As the thickness of the absorbing 
sheets, which are placed in both beams, increases the ratio of 
S'/P' in case (a) passes through a discontinuity, as shown in 
Fig. 9. For greater thicknesses than that required to produce 
the discontinuity S'/P' decreases r^ularly with increase of 
thickness. It is clear that the ratio therefore is either the 
same as the ratio when no absorber is in the beams or else it 
suddenly changes. Alternatively the beam behaves, as in 
case (b), as though the scattered radiati6n were softer as 
demanded by the Compton theory. The position of the dis¬ 
continuity, when it occurred, depended on the penetration of 
the incident rays which determined the amount of the absorber 
which it was necessary to place in the path to increase tfa« t 
penetration of the emerging rays to a mean value m/p ’7 > 

2, 3'8-T-the values corresponding to the J discontinuities. If a 
more penetrating incident radiation was used the discontinuity 
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moved to the left, and with very penetrating rays it entirely 
disappeared. 

The arrangement of apparatus and general experimental 
conditions which resulted in observations of type (o) or (b) 
was indistinguishable. 

An Unconfirmed Theory to Account for the Phenomenon 

The above is a brief summary of the more outstanding 
evidence of the J phenomenon published up to the end of 1925. 



At that time it appeared to the writer that in constant repeti¬ 
tion a strong case had been made for : (i) the sudden ionisation, 
due to the electronic emission at certain critical penetration 
of the incident beam ; and {2) a sudden absorption of the 
radiation under similar conditions. Whatever the pheno¬ 
menon may be, it appeared to have the power of producing 
these two effects in the testing substance. 

The fact which Barkla found, and emphasised in his papers, 
that the effect occurred at one time and not at another when 
the conditions were apparently the same led one to the con¬ 
clusion that in the J phenomenon there was some new thing 
which perhaps might lead to the solution of the curious anomalies 
which had been reported from time to time by various observers 
on the scattering of X-rays. 

The source of the electrons which Barkla had found in the 
J phenomenon was from some r<^on presumably within the 
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K ring of the atom, for it appeared that the critical wave¬ 
length to excite this emission was shorter than the K radiation 
of the atom which was bombarded. Accepted atomic models 
had no place of origin for them unless they were ejected from 
the nucleus. If an electron were ejected from the nucleus the 
residual nuclear charge would be raised by unity, or, in other 
words, the atomic number of that atom would be raised by 
unity. This rise in the atomic number of the substance in 
the J phenomenon would account for the increase in absorption. 

This theory, which amounts to suggesting a transient 
artificial radio-activity, seemed as unusual as the facts it sought 
to explain, but nevertheless worth testing. This was done by 
an examination of the optical spectra of aluminium, copper, 
chlorine, and mercury when these substances were bombarded 
by X-rays of suitable penetration to produce the J phenomenon 
in them (the fijp appropriate to each substance was obtained 
from the data given in Barkla’s papers). 

An extensive examination, both visual and photographic, 
was made in the visible region, and further search was made, 
using a quartz spectrograph, in the ultra-violet regions. The 
line spectra of all the elements and the band spectra of chlorine 
were examined, but in no case was there any difference to be 
found from control spectra taken for the non-irradiated elements. 
In the case of aluminium and copper the irradiated elements 
were made the poles between which arc and spark sources 
were formed for spectroscopic examination. Chlorine was 
contained in the usual glass tube, and mercury was contained 
in a quartz mercury vapour lamp. 

The absence of change seems to suggest either that there 
was no alteration in the atomic or molecular structure, or that 
the J phenomenon was not present in the experiments. 

A similar theory was tested' in Edinburgh by Watson 
about the same time. He used an X-ray absorption method 
of testing for a possible increase in the atomic number of a 
substance which showed the J discontinuity in another beam 
of X-rays. Watson also found no evidence of a change in the 
atomic number of the absorbing sheets. 

More Recent Experiments showing the J Phenomenon 

Since that time Professor Barkla and his collaborators 
have accumulated a large amount of evidence supporting the 
previous announcements with regard to this phenomenon. To 
go into this in detail would require a considerable space, but 
the results obtained may be perhaps seen in a general way 
from a consideration of the following, in which an attempt is 
made to classify them. 
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(a) Further experiments had been performed, the results 
of which are interpreted as showing that the mean mass abMSorp- 
tion coefficient {/ifp) of the beam is more fundamental than 
the wave-length. 

For example, the sudden discontinuities, such as shown in 
Fig. 9, have been found at a position which depends on the 
absorption of the beam as a whole rather than on its con¬ 
stituents. Two heterogeneous beams when mixed show a 
single discontinuity (appropriate to the (/t/p) of the composite 
beam)—thei two breaks which the individual beams produce 
in the absorber do not appear when they are mixed, as might 
be expected to result if the discontinuity was appropriate to a 
wave-length. 

(b) One rather unusual set of results showed that the 
discontinuity appeared to depend on the frequency of the 
mercury jet interrupter, but no further evidence has been 
brought forward in support of this. 

(f) According to Compton’s theory of scattering the change 
in wave-length, which he predicts and finds in spectroscopic 
examination, depends on the angle of scattering, i.e. the angle 
4 , between the incident direction and the direction of scattering. 
Barkla and Mackenzie, however, find that this is not the case 
in their experiments, but the scattered radiation when com¬ 
pared with the incident radiation by absorption measurement 
is equally penetrating until the J discontinuity occurs in the 
testing substance. When this occurs the scattered beam 
appears to be softer than the primary. S'/P' takes a new fixed 
value until a second or third J discontinuity occurs. 

This kind of thing was obtained for several angles of 
scattering, and, further, the amount of change, when it occurred, 
was independent of the angle of scattering. 

To this set of experiments, as to the others, there was the 
exception—-the case (6) in which there was apparently a 
" modified scattered ’’ beam. In this case the ratio S'/P was 
reduced even for the first thin testing sheet. " The modified 
scattered beam ” seemed to depend for its presence on the 
substance used to test the radiations. For example. Fig. 10 
shows results of this kind. Here the ratio of S'/P' is plotted 
a^inst the thickness of the absorber in the two beams. For 
different substances the thickness used was such as to produce 
equal r^uction in intensity. This is seen by reference to 
the abscissae in that diagram. It is seen that the ratio decreases 
gradually in the case of aluminium and copper, showing that 
the scattered rays are more absorbed than the primary rays, 
is. that the scattered beam is a " modified ” beam and appears 
softer than the primary when tested in these substances ; but 
when the same scattered beam is tested in silver it appears to be 
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identical with the primary (unmodified) for all thicknesses of 
absorber used ; when tested in tin the scattered radiation 
appears to be at one time modified and at another unmodified. 

This kind of thing is further emphasised in the results 
shown graphically in Fig. ii. Fig. ii(a) shows a scattered 



beam as a modified beam when measured in aluminium, but 
unmodified in an additional silver absorber, whereas when tin 
is added to the aluminium (Fig. n(B)) the beam shows extra 
scattered ray absorption in some cases and not in others. 
Finally, in Fig. ii(c) is shown a case where the scattered beam 
is modified in paper and also is a modified beam in aluminium— 
the addition of aluminium to the paper causes a further decrease 
in the ratio S'/P', as would be expected if the scattered beam 
were softer than the primary. 
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(i) Barkla and Watson thought t^at they had obtained 
control of the J phenomenon by keeping the current through 
the tube constant. They ,used a Coolidge tube in these experi¬ 
ments, and found more of the discontinuities (seven in all) 



and further were able to repeat the experiments at will. The 
paper published in October last, however, seems to make it 
clear that the control is not complete. 

US In the account given in the latest paper referred to, 
Barkla and Khastgir found in a long series of results that the 
scattered r^s behaved as though a change of wave-len^h had 
occurred. The sdsttered rays appeared to be modified in 
ahuninium, gold, silver, copp^, and tin. Using the method 
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which produced the results shown in Fig. 7, th^ were able to 
trace tne effect of the K-ra3rs of silver and tin, whi^ were 
within the range of wave-length contained in the incident 
beam, when silver and tin were used to test the beams. The 
effect in the scattered beam, which was increased in wave-lei^h 
on scattering, occurred for a more penetrating incident beam 
than was required to produce it in the primary. For several 
experiments described in this paper there seemed to be little 
doubt that they were observing something very similar to 
Compton’s change. It was found, however, on repeating the 
experiments, without making any known change in their 
apparatus, conditions, etc., that the results changed—^results 
like those described in the original experiments were then 
obtained, viz. the scattered beam, while still modified when 
tested in aluminium, now became an unmodified beam in 
silver—the scattered beam appeared to be softer when tested 
in aluminium, but was identical with the primary when tested 
in several other substances. Incidentally this illustrates the 
difference in the results of Compton and Barkla. The former, 
according to Barkla, is observing a mass effect, whereas the 
absorption experiments show the intermittent nature of the 
process—the Compton method, as it were, sees the moving 
picture, whereas the Barkla method examines each picture 
before it is projected and merged into a general effect. 

Other Absorption Experiments 

In continuation of the spectroscopic tests referred to 
earlier in this account, the present writer tried to repeat the 
type of result shown in Fig. 7. Many of the original experimental 
conditions were retained, but a sensitive balance method was 
introduced and special precautions were taken to maintain the 
potential on the Coolidge tube at a steady value. For all poten¬ 
tials used the wave form was the same. After a long series 
of experiments, results which were consistent within themselves 
to within 2 per cent, did not in a single case produce a recognis¬ 
able discontinuity. 

A preliminary set of observations, made by F. Barraclough 
in collaboration with the writer, using a simple ionisation 
method, also failed to show any discontinuities. 

O. Gaertn^ repeated the type of experiment of which 
Fig. 9 is a typical result and found that in no case was a trace 
of J discontinuity to be found. 

A. £. Owen also tried to find the discontinuities by means 
of a photographic method. The beam of rays was sent 
through a wedge of aluminium which was pWographed. 
The shadow image on the plate when measured with a pnoto- 
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micrometer showed a regular change in density as distinct 
a s^rp edge such as would be suggested by consideration 
of Fig. 9. 

It seems, therefore, since all the positive results have been 
exclusively opined in the Edinburgh laboratories, that the 
exact conditions for the excitation of the phenomenon have 
not been fully recognised. This conclusion seems to have the 
support of Professor Barkla, who states in several of the papers 
that the change from the state when the J phenomenon appears 
to the state when it does not appear is brought about by a 
process which he has been unable to recognise. 

Concluding Speculations 

Perhaps one might conclude this summary with a few 
tentative remarks and suggestions on the subj^t. It has been 
suggested in criticism of the results that the effects are probably 
due to slight impurities of heavy elements in the absorbing 
screens. But it seems highly improbable that such a state of 
affairs would go undetected for some ten years, and it does 
not explain the differential action on the two beams at right 
angles, giving always the same type of results. Others sought 
to explain the phenomenon in terms of the heterogeneous 
nature of the ra3rs used.* Prof. Barkla suggests -that the 
effects are intimately related with the “coherence” of the 
beam. If that is to be interpreted as meaning a close associa¬ 
tion of the waves employed, perhaps one may venture further 
and suggest a combination of the X-rays and some other 
radiation or wave system. According to the new quantum 
theory it appears that one must associate with a moving 
electron a system of waves whose wave-length is simply related 
to the velocity of the electron by the relation A = hjmv, where 
k is Planck’s constant. It may be that such waves can form 
something equivalent to “ difference tones ” with the incident 
beam. In tnfe absorbing screens placed in the scattered beam 
in the eimeriments a large area is irradiated, whereas in the 
primary beam a very restricted area is in the beam. This 
might give a higher probability for such combination to the 
scatter^ beam. Photo-electrons and recoil electrons are 
present each with its own phase wave-length. Curiously 
miough such " difference tones ” when calculated for individual 
cases produce a wave-length which, when allowance is made 
for a statistical factor, would be sufficient to give the change 
in penetration of the issuing beam which Barkla observes. 

* A paper by Dunbar, whkb I have just received, in the current PM. 
Mat., is a case of thisl liunbar appears to have shown that a l^trge amount 
of m J discontinuity may be e^qutuned on these lines. 
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It i$ also significant that Shroedinger, in explaining the 
interaction of radiation and electrons (when deducing the 
Compton effect^ expresses the relation between the frequency 
of the X radiation and the frequency of the phase wave of the 
electron, before and after the impact, by the following relation : 

V + nu^jk >“»'' + m'c'lh. 

For an electron initially at rest this is really equivalent to 
stating that the scattered rays are a " difference tone ” between 
the incident frequency of the X-rays and the frequency of the 
mechanical wave of the recoil electron. 

These ideas are capable of some extension, but for the 
present purpose it seems that on these lines the appearance or 
non-appearance of the J phenomenon is dependent on the 
formation, or otherwise, by “ coherence,” of combination tones, 
and, in particular, of difference tones. 

This point of view does not demand anything not already 
contained in the work of Barkla, as it is apparent that the 
non-appearance of the effect in outside experiments, and the 
uncertainty of the appearance of the effect at Edinburgh, 
show that the conditions of its excitation are not yet known. 

Whbatstonb Laboratory, 

May 1938. 
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THE DISCOVERY OF THE GAS LAWS 

I. BOYLE’S LAW 

Bv W. S. JAMES, B.Sc., A.I.C. 

In searching for the origins of any law expressing a quantitative 
variation, it must be remembered that the qualitative result 
must necessarily be established before any attempt to discover 
a numerical relationship is made. Thus the fact that air could 
exert a pressure at all had to be accepted before any attempt 
at measuring the co-variation of the pressure and volume 
became possible. Only when the doctrine of Nature's abhor¬ 
rence of a vacuum had been overthrown by the labours of 
Torricelli, Pascal, von Guericke, and Boyle, could an interest 
in the quantitative effects arise. This interest was first ex¬ 
hibited hy Boyle, whose attention was aroused by an account 
of von Guericke's work in Schott’s Mechanica Hydraulico- 
pneumatica of 1657. In this book also occurred descriptions 
of von Guericke’s clumsy air-pump and the Magdeburg hemi¬ 
spheres. As a result, in 1659, Hooke, under Boyle’s direction, 
constructed an improved air-pump, thus enabling Boyle to 
perform many new experiments which were described by him 
in 1660 in a letter entitled “ New Experiments Physico- 
mechanical, touching the Spring of the Air, and its Effects; 
made^ for the most part in a new Pneumatical Engine" ; 
expmments with barometers were described, and following 
Torricelli and Pascal, he claimed that the mercury column was 
supported by ?he pressure of the atmosphere. He asserted 
that air had weight, and spoke of it as having a “ spring." 

He placed a lamb’s bladder in the receiver of the pump and 
noticed that it became inflated as the receiver was exhausted, 
but contracted again when the air was readmitted. 

To show that the sole cause of the suspension of the mercury 
in tho'barometrical column was the pressure of the air, Boyle 
filled a tube 3 feet long with mercury and inverted it in a 
vessel of mercury, which he then placed in the receiver, the 
bttfoiQetrical tulie passing air-tight through the cover pT^h 
t%]nico-mechanical experiment). With each stroke of the 
ppmi) the mercury fell lower and lower till the levels inside and 
outside the narrow tube were nearly the same; while on re- 

363 



*64 SCIENCE PROGRESS 

admitting air into the receivcar the mercury rose in the tube 
until the column was 29 inches again. The height of the 
colunm was thus shown to depend on the density of the air 
pressing on it. As the capacity of the receiver and of the air* 

E ump cylinder could be readily determined, Boyle hoped to 
e " enabled to give a near guess at the proportion of force 
betwixt the pressure of the air (according to its various states, 
as to density and rarefaction) and the gravity of the quicksilver," 
but on account of several difficulties, mainly of a mathematical 
nature, he contented himself with having suggested the experi¬ 
ment. 

Thus in 1660 Boyle had already definitely suggested a 
method for determining the relation between the density of 
the air and the weight which it could support. This stimulus 
made the discovery of the law now inevitable. 

The Discovery of the Law 

The course of events between the publication of Boyle’s 
work of 1660 and the publication of his next work in 1662, is 
rather uncertain, and it cannot be definitely said who first 
verified the law. 

We have it on Boyle's authority that Richard Townley, 
after reading the " Physico-mechanical Experiments," had 
endeavoured—acting no doubt on the suggestion in the 17th 
eiqperiment—^to determine the relation between the pressure 
and volume. He suggested that " the pressures and expan¬ 
sions " were in reciprocal proportions. Townley commenced 
a paper on the subject which he showed to Boyle, but the latter 
made no mention of the t3rpe of apparatus Townley employed. 
The paper, apparently, was never published, Townley possibly 
regarding this as unnecessary after the appearance in 1662 of 
Boyle's verification of the law. 

About the middle of 1661 Boyle informed Hooke of Town- 
ley’s h3rpothesis, and in his work of 1662, referring to the veri¬ 
fication of the law, Boyle wrote : 

"... I had the assistance of the same person that 1 took 
notice of in the former chapter as having written something 
about rarefaction, whom I rather make mention of on this 
occasion, because when he first heard me speak of Mr. Townle^'s 
suppositions about the proportion, wherein air loses its fpni^ 
by dilatation, he told me he had the year before (and not long 
after the publication of my pneumatical treatise) made observa¬ 
tions to the same purpose, which he acknowle^ed to f^jee 
well enough with Mr. Townley's theory." This passage 
obviously mers to Hooke ; and moreover the statements are 
supports by what Hooke himself wrote in his 
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of 1664. He said that he first experimented on the subject in 
the summer of 1660, being then unaware of Townley’s h3rpo- 
thesis. Although he drew no conclusions from his results, 
they were afterwards found to agree reasonably well with the 
hypothesis. After learning of Townley’s suggestion from Boyle, 
on August 2, 1661, he repeated his experiments with a view to 
testing its accuracy. He verified the law and arrived at the 
conclusion that “ the Elater of the air is reciprocal to its exten¬ 
sion, or at least very near.” For our knowledge of this latter 
experiment, however, we are entirely dependent upon Hooke’s 
own account of it written in 1664. A more detailed description 
of his work will therefore be postponed until Boyle’s experi¬ 
ments have been considered. 

Boyle also mentioned that Lord Brouncker informed him 
that he had also about 1660 made experiments which agreed 
well enough with Townley’s theory. 

The following is an extract from History of the Royal Society 
by Birch, for the year 1661 : ” Sept. 11. Mr. Croune produced 
two experiments, one of the compression of the air with quick¬ 
silver in a crooked tube of glass, the nipt end of which broke ; 
and the other . . . Mr. Boyle gave an account of his having 
made the former of these experiments by compressing twelve 
inches of air to three inches, with about an hundred inches of 
quicksilver. 

Sept. 18th. Mr. Boyle brought in his account in writing 
of the experiment made by him of the compression of air with 
the quiclisilver tube ; which was ordered to be registered.” 

This written account of Boyle’s results is preserved in the 
library of the Royal Society (Register Book, Vol. I, p. 103), 
and is identical with the table of results for pressures greater 
than atmospheric only, published in Boyle’s reply to Linus in 
1662. He compared the pressures necessary to compress 
”12 inches ” of air into various volumes down to ” 3 inches ” 
(the apparatua will be described later) with what the pressures 
” ought to have been according to hypothesis.” No mention 
was made in this paper of the nature of the hypothesis, so that 
Boyle must have made known the hypothesis to the Royal 
Society on September IIth, 1661. 

Meanwhile Boyle’s views of 1660 were not being universally 
accepted, and in i66r Franciscus Linus, a professor in the 
Netherlands, in his book De corporum inseparabilitate, attacked 
Boyle’s conclusions. Although he admitted that air had a 
” spring " as well as some weight, Linus denied that the air was 
capable of supporjting a column of mercury 30 inches in height. 
To account for the prop^ties of air and the action of the 
barometer, he proposed his ” Funicular ” hyiiothesis; the 
funiculus being an extremely thin substance, which, when dis- 
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tended, strongly attracted all bodies to which it was attached. 
The barometrical column was supported by the funiculus, and 
if the top of the barometer tube were closed by the finger the 
foiee due to the funiculus could be easily felt 1 This theory was 
severely criticised by Boyle in 1662 in A Defence of the Doctrine 
touching the Spring and Weight of the Air . . . against the 
Objections of Franciscus Linus, in which work occurred his 
famous account of experiments illustrating the truth of " the 
hypothesis that supposes the pressures and expansions to be in 
reciprocal proportion,” the hypothesis now known as Boyle's 
Law. Boyle’s word ” expansion ” corresponds to the modern 
word " volume.” Boyle had little idea of the importance of 
the generalisation and the experiments were made quite in¬ 
cidentally in order to convince Linus that “ the spring of the 
air is capable of doing far more than it is necessary for us 
to ascribe to it, to solve the phenomena of the Torricellian 
experiment.” 

The description of the first experiment can best be given 
in Boyle’s own words : ” We took then a long glass tube which 
by a dexterous hand and the help of a lamp was in such a 
manner crooked at the bottom that the part turned up was 
almost parallel to the rest of the tube, and the orifice of this 
shorter leg of the siphon (if I may so call the whole instrument) 
being hermetically sealed, the length of it was divided into 
inches (each of which was subdivided into eight parts) by a 
straight list of paper, which containing those divisions, was 
carefully pasted all along it. Then putting in as much quick¬ 
silver as served to fill the arch or bended part of the siphon, that 
the mercury standing in a level might reach in the one leg to the 
bottom of the divided paper and just to the same height or 
horizontal line in the other, we took care, by frequently inclining 
the tube, so that the air might freely pass from one leg into the 
other by the sides of the mercury (we took, I say, care), that 
the air at last included in the shorter cylinder should be of the 
same laxity with the rest of the air about it. This done, we 
began to pour quicksilver into the longer leg of the siphon 
which by its weight pressing up that in the shorter leg did by 
degrees strengthen the included air, and continuing this pourmg 
in of quicksilver till the air in the shorter leg was by condensa¬ 
tion reduced to take up but half the space it possessed (I say, 
possessed not filled) before, we cast our eyes upon the loi^^er 
leg of the glass, on which was likewise pasted a list of paper 
carefully divided into inches and parts, and we observed not 
without delight and satisfaction that the quicksilver in tW 
longer part of the tube was 29 inches higher than the otto. 
Now that this observation does both very well agree with and 
confirm our hypothesis, will be easily discerned by him, that 
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takes notice what we teach. . . . The same air being brought 
to a degree of density about twice as great as that it had before, 
obtains a spring twice as great as formerly.” 

The tube described, above was accidentally broken, but 
Boyle obtained another tube, similar in shape, but much larger. 
Owing to its size it was necessary to suspend it by strings on a 
staircase, and the lower end was placed in a wooden box to 
prevent loss of mercury. The mercury was poured in at the 
top according to the directions of the person observing the 
volume of the enclosed air, since it was easier to pour mercury 
in than to take it out after it had been poured in. 

Boyle made twenty-five experiments between i and 4 
atmospheres pressure and in each case he recorded the volume 
and total pressure and also calculated ” what that pressure 
should be according to the hypothesis that supposes the pres¬ 
sures and expansions to be in reciprocal proportion.” The 
observed and calculated values of the pressure agree in all cases 
within the limits of observational error. It was this table of 
results that Boyle had sent to the Royal Society in 1661. 

A second series of experiments was then made for pressures 
less than one atmosphere. A thin glass tube was thrust down 
into a wider tube filled with mercury, until about an inch was 
left projecting above the surface. The open end of the glass 
tube was then sealed with sealing-wax. By raising the glass 
tube the “ inch of air ” could be dilated to an inch and a half, 
two inches, etc., up to 32 inches. The volumes were read 
directly, and the height of the mercury column noted so that 
from the barometric pressure, the actual pressure on the gas 
was computed ; the pressures were also calculated from the 
volume according to the ” hypothesis.” In all the 19 results 
the calculated and observed pressures agreed within the limits 
of experimental error. 

Boyle was aware of the qualitative effects of heat and cold 
upon air. He placed a piece of linen dipped in cold water 
over the air space of the bent tube used in the first set of experi¬ 
ments, and observed a slight shrinkage in the volume ; he 
brought a candle flame near this part and found the air ex¬ 
panded. But no thermometric scale had yet been defined and 
even the constancy of the boilii^ point was as yet undiscovered. 
No doubt, partly on account of these difficulties, Boyle did not 
further inquire into the relation between volume and tempera¬ 
ture, and the problem was next taken up by Amontons forty 
years later. 

Hooke's Experiments 

In connection with the refraction of light through the 
atmosphere, Hooke, in his Micrographia, gave an account of 
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some of his experiments on the relation between the pressure 
and volume of a constant mass of gas. The Micrographia was 
submitted to the Royal Society in 1664 and was published in 
1665. According to Hooke, he first experimented upon this 
subject in the summer of 1660. These experiments were con¬ 
cerned with pressures less than atmospheric and his apparatus 
was the same as that used by Boyle. He took a smsdl glass 
i tube of uniform bore, “ about the bigness of a swan’s quill, 
and about four feet long." This tube, having been tl^ust 
down into a wider tube containing mercury, until only an inch 
was left protruding, had its open end cemented up. Hooke, 
having raised his tube until there was a mercury column of 
2 inches in the narrow tube, then found that the air column 
had expanded by iVth part of an inch. When the mercury 
column was 4 inches, the air column was if inches. These 
readings he continued until the mercury column was 27 inches, 
and, since the barometric height was 30 inches, this corre¬ 
sponded to a pressure of 3 inches on the enclosed air. Altogether 
he obtained 19 results, and this table but served as a sample of 
several others that he obtained. At this time he was ignorant 
of Townley's hypothesis, and the table was not intended to 
test or verify the law. Nevertheless, the results down to a pres¬ 
sure of about 6 inches are in quite good agreement with what 
we would expect from the law; but the last six readings show 
increasingly large deviations from the ideal. 

About a year later he became aware of " Townley’s hypo¬ 
thesis," and he tells us that on August 2, 1661, he repeated his 
experiments in order to test its accuracy. Not only did he test 
the law for pressures less than one atmosphere, but also for 
pressures up to two atmospheres, once more using Boyle’s 
apparatus, m this case the " siphon ’’ tube. He compressed 
24 volumes of air to 12 volumes by a mercury column 29 inches 
long, the barometric pressure for that day also being 29 in|hes, 
and he also took intermediate readings. He then expanded 
24 volumes of air to 1,152 volumes, and compared the value 
of the pressure corresponding to each volume, with the calcu¬ 
lated value from the hypothesis. The results agreed within 
limits of experimental error, down to pressures of f inch of 
mercury. From these figures Hooke thought it safe to con¬ 
clude that " the Elater of the Air is reciprocal to its extensicm, 
or at least very near.’’ 

Whether Hooke verified the law before Boyle it is impossiUe 
to say. In the first place, certain doubt must be attached to 
Hooke’s statement of 1664 that he verified the hypothesis on 
August 2, 1661, as other instances of Hooke making false 
claims are known. We do not know the date of Boyle's cxp«i- 
ments, which were described to the Royal Society on September 
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iith, but they might have been performed before Hooke’s. 
But, in any case, the credit must certainly go to Boyle. For 
Hooke was at this time an assistant to Boyle and obtained the 
news of Townley’s hypothesis from him ; and also no doubt he 
worked with Boyle’s mercury and Boyle’s glass tube; and, most 
important of all, Boyle’s results were published two years before 
those of Hooke. 

At first sight it seems odd that Hooke made no reference to 
Boyle’s verification of the law ; and that contemporary scient¬ 
ists did not make a full investigation into the rival claims of 
Boyle and Hooke and definitely clear up the question. But it 
must be realised that the importance of the law was not, and 
could not, at the time be fully appreciated. Both Hooke and 
Boyle brought in the accounts of their experiments as sub¬ 
sidiary points which had a bearing upon the more important 
matter then being dealt with. At this time the existence of 
other gases than air had only been dimly foreseen, and any 
practical application of the law to the theory of gases was, of 
course, out of the question. Had Hooke realised its future, he 
would certainly have put up a better claim for the discovery of 
the law than he did. 

We may, after this survey of the position, without any 
injustice to Townley, Hooke, or others, support the popular 
title of the hypothesis —" Boyle's Law.” 


Work of Mariotte 

In 1676 appeared Mariotte’s book. Discours de la Nature de 
I’Air. He asserted that air had weight, and for a proof showed 
that if the cistern of a barometer is immersed in water to a 
depth of feet, the length of the mercury column increases 
by 3 inches. Since this increase is due to the weight of the 
water on the cistern, the previous barometrical column must 
have been due to the weight of the atmosphere. He then main¬ 
tained that air'^can be condensed and expanded and has ” la 
vertu de ressort,” or ” spring.” Mariotte thought that if air 
was allowed to expand sufficiently it would arrive at its ” exten¬ 
sion naturelle.” Air at the top of the atmosphere has its 
" extension naturelle,” but near the surface of the earth it is 
compressed by the air on top of it. From which it follows, 
although he did not draw the conclusion, that Mariotte’s law 
would only be an approximation. He mentioned that although 
the spring of most materials weakened with time, that of air 
was always the same. 

Then followed the gen^alisation which has since been 
named " La Loi de Mariotte ” and ” Mariottesches Gesetz.” 

18 
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Mariotte ^ve the law the followup fonn: “ L’air se condense 
& propo^on des poids dont il est charg6.” 

Mariotte gave an account of experiments to prove the law 
for pressures less than one atmosphere, using the same apparatus 
as Boyle, He gave figures for one or two simple cases, where 
the volume was doubled and increased by one-third. He said 
that he performed several other such experiments and they all 
supported his law. This he thought sufficient evidence for his 
law to be considered " une r^le certaine ” or “ loi de la nature.” 
As additional evidence he then performed experiments for 
pressures greater than one atmosphere, again using the same 
apparatus as Boyle, but, unlike Boyle, gave again only two 
simple numerical cases to support his conclusion. The rest of 
the book deals with the solution of certain problems depending 
on the new law, with the causes of the variations of the baro¬ 
metric pressure, and with the solution of air in liquids. Mariotte 
had a far clearer conception of the law and of its importance 
than did Boyle ; and his book had a far greater beneficial effect 
on the progress of Physics on the Continent than did Boyle’s 
publication. 


Boyle’s Law, or Mariotte’s Law ? 

A great deal of confusion and misunderstanding still persists 
on the Continent concerning the discoverer of this law. In 
spite of Boyle’s work having been published fourteen years 
before Mariotte’s, many modern textbooks claim that the law 
was discovered by the two scientists ” simultaneously ” and 
independently; Jamin's Cours de Physique says that Boyle 
only worked with pr^sures greater than atmospheric ; and 
Violle’s Cours de Physique, 1 884, informs us that Boyle did not 
formulate any clear law from his numerical results ; while some 
histories wholly ignore Boyle in this connection and credit 
M^iotte with the discovery. Thus Maire, in his Histoire des 
Sciences Mathimatiques et Physiques, 1884, gave an accoimt of 
Boyle’s works without nrientioning the law, and ascribed its dis¬ 
covery to Mariotte. Similarly Libes, in his Histoire Philosophique 
des Progris de la Physique, 1810, represented Mariotte as sole 
discoverer. On the other hand, it has been stated in English 
textbooks that Mariotte plagiarised Boyle’s works, and repro¬ 
duced many of Boyle’s results, including the law, as his own ; 
and a strong case for this view can certainly be put forward. 

In the first place, Mariotte’s book itself contains a large 
amount of intrinsic evidence supporting the accusation. A 
comparison of it with Boyle's writings reveals many similarities 
as well as giving a general impression of some connection. 

Mariotte usm the same apparatus as Boyle did, both for 
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pressures greater and less than atmospheric, but Mariotte placed 
the latter experiments first, and each used a barometer tube 
40 inches long. Both used the same peculiar similes to 
describe the properties of air. Boyle likened the power of self¬ 
dilatation of compressed air to " the power ... in a dry 
spunge compress’d ” ; and Mariotte said," On peut comprendre 
. . . cette difference de condensation de I'air, par I'exemple de 
plusieurs Sponges. . . ." Regarding the compressed state of 
the air near the earth’s surface, Boyle said, “ This notion may 
perhaps be somewhat further explained by conceiving the air 
near the earth . . . resembled to a fleece of wool ” ; while 
Mariotte wrote: “ Pour expliquer en g^n^ral la rarefaction et la 
condensation de I’air ... on peut concevoir que I’air est 
quelque chose de semblable k du colon, ...” Boyle spoke of 
air as having a ” spring,” while Mariotte ascribed to it a ‘‘ vertu 
de ressort.” Mariotte, like Boyle (at least in his defence against 
Linus), dismissed in a few sentences the effect of heat on the 
volume of the enclosed gas. Nor is this an isolated instance, 
for another similarity occurs between a paper on percussion 
read by Wren before the Royal Society and published by them, 
and Mariotte’s book. Traits de la Percussion, on Choc des Corps, 
published shortly afterwards. 

That Boyle’s work soon became known to foreign scientists 
is shown by James Bernoulli in his book, De Gravitate Aetheris, 
published at Amsterdam in 1683. He referred to Boyle’s dis¬ 
covery of the law. Prof. P. G. Tait has said that Mariotte 
“ must have been fully cognisant of Boyle’s celebrated con¬ 
troversy with Linus.” 

It has been suggested that Mariotte did not claim to have 
actually discovered the results set out in his book, and that he 
was merely summing up the knowledge then available in the 
various branches of physics. But Mariotte's writing does not 
give this impression, for his style is authoritative and carries an 
air of finality and infallibility, and nowhere in his books does 
he mention either Boyle or Wren 1 

The possibility exists that Mariotte obtained the ideas for 
his work from Hooke and not Boyle. This is, however, im¬ 
probable owing to the greater similarity of Mariotte’s work with 
Boyle’s than with Hooke’s. Boyle’s works were circulated on 
the Continent in Latin and would reach Mariotte more easily 
than the English Micrographia, or its German translation. 

Prof. P. G. Tait, in the appendix to his Properties of Matter, 
has drawn attention to a remarkable passage written by Newton 
in the Principia : ” ^d et veritas comprobata est a D. Wrenno 
coram Regia Societate per experimentum Pendulorum, quod 
etiam Clarissimus Mariottus Libro integro exponere mox dig- 
natus est.” This has been translated as follows, with A. 
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standing for D. Wrenno, and B. for Qarissimus Mariottus; 
" A. established the truth by means of a simple expmment, 
before the Royal Society ; later B. thought it worth his while 
to write a whole book to prove the same point.” The passage 
appears to be highly sarcastic at B.’s expense. The sarcasm is 
increased by the reference to ” Clarissimus Mariottus,” while 
in speaking of Wren, Huygens, etc., only the prefix ” D.” is 
added. 

Tait’s conclusions respecting Mariotte can be deduced from 
the following quotations from his Properties of Matter : 

” He [Mariotte] seems to have been a splendidly successful 
and very early example of the highest class of what we now call 
Paper-Scientists. 

"... Boyle, though perhaps he can scarcely be said to 
have been ‘ born great,’ certainly ‘ achieved greatness'; the 
assumed parent of La Loi de Mariotte has as certainly had 
‘ greatness thrust upon ’ him.” 



POPULAR SCIENCE 


HOW MUSCLES CONTRACT 

By RONALD CAMPBELL MACFIE, M.A.. M.B., C.M., LL.D. 

" In the muscle nature has produced a machine so startling and at the 
same time so perfect, that the explanation of its mechanism could give satis¬ 
faction not only to the enquiring mind, but also promise a rich harvest to 
the technical progress of mankind."—P rof. Otto Meyerbop. 

Almost all the energy in the world comes from the sun. The 
wind, the waves, the waterfalls, the rivers, oil, petrol, and 
coal have all the force of the sun in or behind them. Even 
the tides raised by the moon have sun-force lifting them, for 
the moon tugs at the sea with energy originally derived from 
the terrific tug it received when the sun wrenched and tore 
it out of the molten earth. It is true that our satellite is a 
falling body that falls round the earth under the pull of the 
earth's gravity ; but it could not fall unless it had first been 
wrench^ and heaved into the sky by the force of the sun, and 
its moving, falling force is consequent on that original wrench 
and heave, and is rightly to be considered solar, just as much as 
the flight and force of a flung cricket ball are rightly to be 
considered human. 

Also the muscular energy of the human heart and limbs is 
really solar, for it is derived from the chemical energy in the 
sugar “ glucose ” manufactured by the digestive organs from 
the sugar and starch of plants. The sugar and starch of plants, 
again, as we icflow, are built up by the radiant energy of the 
sun, and retain that energy in chemical form. Human energy, 
accordingly, is derived from the chemical energy in glucose, 
derived from the chemical energy of plant sugar and starch— 
energy derived, in turn, from the radiant energy of the sun. 

The digestive processes by which plant starch and sugar 
are converted into the sugar glucose are complicated and 
ingenious, and all the machinery of the body—^-heart, respiration, 
nerves, liver, pancreas, thyroid--plays a part in them ; but here 
we will not attempt to describe them : we shall start with 
glucose ready-made. . 

Made in the stonfiach and intestines, glucose is earned by 
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the blood straight to the cells of the liver and these talented 
cells is change with the aid of “ insulin " into a kindred 
substance called " glycogen,” and in that form (still retaining 
sxm-energy) is stored for future use. As the muscles require 
fuel and in proportion to their fuel requirements, the cells 
reconvert the glycogen into glucose again, and the glucose is 
carried to the muscles in the blood-stream and there, after 
reconversion into glycogen, is built up into the material of the 
muscle fibres. How the liver learns the requirements of the 
muscles is not known : it may draw its own conclusions from 
the chemical character of the blood reaching it, or it may 
have information conveyed to it in some way by its nerves. 
Anyhow, the liver transforms glucose into glycogen and doles 
it out again as glucose, according to the requirements of the 
muscles. 

The energy, then, put to use in muscular contractions is 
the sun-energy of the glucose carried to the muscles in the 
blood and built up there into glycogen. That much is known 
for certain; but exactly how the chemical energy of the glyco¬ 
gen is converted into the mechanical movement of muscles, and 
into heat, is a very difficult question. 

At one time it was believed that it was combined with 
oxygen (contributed to the blood by respiration) to form in 
the muscles an unstable explosive material called ” inogen ” ; 
and the act of muscular contraction was supposed to be caused 
or initiated by a kind of explosion of the inogen. But a few 
years ago Sir Walter Fletcher and Prof, F. G. Hopldns 
brought forward a new theory which has now gained awost 
general acceptance. 

According to this theory, the glycogen (or glucose) is not 
built up with oxygen into an unstable and explosive substance, 
but itself explodes in contact with the muscles. In the muscles 
its explosive energy b probably transformed into movement 
and rearrangement of the molecules of the muscle fibres of such 
a nature as to cause niuscular contraction and to produce heat 
—^much as the explosion of petrol-spray moves a piston and 
produces beat. 

MuKular contraction is always followed by the appearance 
of lactic acid, and carbon dioxide, in the muscle; and these 
are products of the disruption of glycogen. They in themselves 
suggest an explosion of glycogen, and a disruption of glycogen 
is sufficient to explain their occurrence, and, accordingly, 
” inogen ” would seem to be superfluous. 

But there is a difficulty. Under ordinary conditions 
glycogen is as stable as cane sugar, and it does not explode. 
Why then does it explode in muscle ? What breaks it up ? 

The explosion is certainly not of the nature of a combustion : 
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it is not due to oxidation, for muscular contraction takes place 
even in the absence of oxygen. What then sets the spark to 
the gunpowder ? 

The question has not yet been finally and satisfactorily 
answered, but it is possible that stimulation of muscle by 
nerve impulse, or by chemical or mechanical stimuli releases 
certain “ enzymes ” or “ katalysts,” which cause the dis¬ 
ruption of glycogen. A few years ago some German workers 
discovered in muscle juice an “ enzyme ” containing phos¬ 
phorus which had the property of breaking up carbohydrates 
like glycogen with the formation of lactic acid, and which they 
named accordingly “ lactacidogen.” They found, too, that if 
a sodium phosphate salt were given by the mouth to promote 
the formation of this “ enzyme,” capacity for muscular work 
was increased. Another (^rman scientist, called Meyerhof, 
has extracted from muscle an enzyme which forms lactic acid 
from starch and glycogen at two-thirds the rate it is formed in 
muscles themselves. It. is possible, therefore, as we have 
said, that the cause of the break-up of glycogen—^the spark to 
the gunpowder—^is a special ” enzyme,” and it is possible, too, 
that enzymes from the thyroid, pancreas, supra-renal, and 
pituitary glands play some part, direct or indirect, in the 
explosion. 

However affected, the breaking up of glycogen into lactic 
acid liberates energy, and this energy, as we have already 
suggested, is the main agent in muscular contraction. It is 
possible, also, that the energy acts chemically through the 
lactic acid, for it is known that lactic acid applied to a muscle 
causes its contraction. 

How exactly the lactic acid causes contraction of the 
muscles is not known, but Prof. A. V. Hill has made the interest¬ 
ing suggestion that the lactic acid acts by taking from sodium 
and potassium salts of protein, the sodium and potassium. 
The protein is altered in its electrical quality by the robbery, 
and instead of repelling as hitherto the other elements in the 
muscle, it attracts them and thus causes contraction of the 
muscle. (At one time it was suggested that lactic acid acted 
by increasing surface tension, but recent researches have 
shown this theory to be untenable.) 

We must, then, regard glycogen with its store of sun-eneigy 
as the petrol of the body, whose explosion gives enerw to 
the muscles, and we must give up the old idea of an explosive 
substance containing oxygen, and the still older idea that the 
energy of the body is derived, like the energy of a coal fire, 
from the energy of oxidation or combustion. It is true that 
the oxidation or combustion of glycogen would provide plenty 
of eneigy in the form of heat. One gram of it burned gives off 
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in heat enoiu^ enet^ to raise 5,333 tons to the he%ht of one 
foot (about half as much as a gram of i^trol), but the con¬ 
version or degradation of glycogen into lactic acid also produces 
enei^—enough ena:gy per gram to lift i cwt. 6,538 feet— 
and that conversion or “ degradation *' not oidd^on is the 
som’ce of muscular energy. A little more energy is also pro¬ 
duced by the combination of some of the lactic acid, as it is 
formed, with sodium of the sodium bicarbonate salts that are 
present in the muscle to form sodium lactate. 

Nevertheless, though the source of muscular energy and heat 
is not combustion of glycogen, but its conversion into lactic 
acid and sodium lactate, yet oxidation does play a very im¬ 
portant part in the maintenance of muscular energy and tem¬ 
perature. Experiments on frogs’ muscles prove that they will 
contract more effectively and for a longer period if they are 
kept in air or oxygen than if they are kept in nitrogen gas, 
and we all know that violent muscular exercise is associated 
with deeper and faster breathing. 

What, then, b the part played by oxygen and oxidation 
in muscular contraction ? It does not, as we have said, play 
a part in the actual explosion. What, then, does it do ? 

Sir Walter Fletcher showed that the main function of the 
oitygen carried by the blood to the muscles was to burn up an 
excess of lactic acid. 

Lactic acid, as we have said, is probably the chemiral 
energy used in muscular contraction ; but if it be formed in 
too great quantities it becomes ineffective, and a condition of 
muscle fatigue or even muscle death follows. To some extent 
excess of lactic acid b neutralbed by alkaline salts and pro¬ 
teins in the blood ; but under conditions of considerable 
muscular effort, great quantities of glycogen are destroyed : 
great quantities of lactic acid form ; and the body, by deeper 
and faster breathing, provides more oxygen and endeavours 
to bum up or change the lactic acid. In moderate exercbe, 
the lactic acid b neutralised or oxidised as fast, or almost as 
fast, as it b formed, but in severe and violent exercbe it b 
formed so fest that, in spite of greatly increased oxygen supply 
and oxidation, it accumulates, and impairs, or a^lbhes the 
contractile power of the muscle. A muscubr man of average 
weight can maintain muscular activity till the lactic acid 
reaches a weight of about 3 ounces (90 grammes), but at, or 
about, that point his muscles fail. 

Oxygen, then, takes no part in the actual explosion or 
d^radation of the glycogen, but it plays a very important 
part in the control and removal of lactic acid, and renders 
possible muscular work otherwbe impossible. 

Part of the lactic acid b burned by the oxygen—burned 
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away into water and carbon dioxide—and with the energy so 
released the rest of the lactic acid is built up into glycogen 
again. Out of evepr 6 grammes of lactic acid removed, one 
is burned, and, with the energy of its burning, 5 grammes 
are built up into glycc^en. A very economical arrangement! 

All the lactic acid which accumulates in a contracting 
muscle and in the blood has to be removed by oxidation before 
the muscle reaches its full fitness, and so, whenever lactic acid 
accumulates there is really an oxygen debt which has to be 
paid off sooner or later. This debt is paid off during periods of 
rest. It may be as much as several litres of oxygen, but the 
heart and the lungs work away while the fatigued muscles are 
resting, and in from five to eighty minutes pay off all the debt ; 
and not only pay off all the debt, but build up reserves of energy 
in the form of reconstructed glycogen. In eighty minutes at 
longest all the ashes, so to speak, have been cleared out of the 
grate, and new coal put in the coal-cellar. 

Heat is, of course, produced during contraction, relaxation, 
and rest, and the heat produced during relaxation is entirely 
or almost entirely oxidative. 

During violent exercise when lactic acid is formed in active 
muscles in ^eat excess, some of the acid leaks into the blood 
and is carried to other parts of the body, and when local 
muscular exercise causes general fatigue it is possible that the 
general fatigue may be partly due to such leakage and dis- 

E srsion of lactic acid. But the lactic acid of leakage, like the 
ctic acid formed in the active muscles, is quickly oxidised 
away. Indeed, in a sense it may be said that the fatigue of 
active muscles puts energy in the form of glycogen into passive 
muscles, for part of the lactic acid of leakage is built up into 
gfycogen-^istant lazy muscles get sugar from the fragments 
of the fatigued ones. 

It is interesting to note that, under normal conditions, the 
muscles of the heart do not run up an oxygen debt. This is 
fortunate, and what might be expected, for if they did run up 
such a debt, every athlete taking violent exercise would run the 
risk of heart failure from excess of lactic acid. The heart 
muscles do not run into debt probably because they are abun- 
(fently suppilied with blood coming straight from the lungs and 
rich in oxygen—so rich in oxygen that any lactic acid fonned 
in the heart muscles is oxidised as quickly as produced. 

This brief outline of the mechanism of muscular contraction 
•will perhaps serve to show the fascinating character of modern 
research into its mystery. 

The sun-energy of glycogen—energy originally imparted to 
it by the sun in some chlorophyll cell—is released in the muscle 
hy an enzyme which degrades it into lactic acid, and the libe- 
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rated solar eneiw is changed in some still obscure way int<> the 
energy of muscuW contraction. The contraction of a muscle 
in fact is the direct consequence of the leaping of an electron 
in an atom in the sun. 

As the glycogen breaks down and liberates the trammelled 
energy, lactic acid is formed and accumulates to a greater or 
less extent, and the oxygen brought to the muscles bjr the 
blood burns up a sixth of it and converts the other five-sixths 
into glycogen ^ain. Lactic acid—^the same acid that is formed 
in sour milk—is thus revealed as one of the most interesting 
and important acids in the world. Every man running hard 
or doing hard muscular work of any kind is forming drams of 
lactic acid, and after his labours becomes partly a refuse furnace, 
and partly a starch manufactory, for part of the lactic acid is 
being burned away, and part, with the energy of the fire so 
produced, is being manufactured into glycogen. 



LICHEN DYEING TO-DAY: THE REVIVAL 
OF AN ANCIENT INDUSTRY 


By a. R. HORWOOD, F.L.S. 

Few people, wjien they casually notice the lichens which grow 
on trees, giving their trunks a ragged hoary appearance, or 
those which hang in beard-like masses from the branches, or 
those that grow in patches on stones, often of a brilliant orange 
colour, realise that these lowly plants have considerable eco¬ 
nomic value. Their use in dyeing has long been known, however, 
and though commercially profitable aniline and synthetic dyes 
have largely replaced many of the native or foreign vegetable 
dye substances, lichen dyeing is still carried on as formerly 
in those parts of this country and abroad where homespuns 
are made by peasantry, and the wool used is dyed by the 
makers of tweeds and other cloths. 

At the present time lichens are used for dyeing in England, 
the Hebrides and Western Isles, Shetlands, in Scotland, 
Ireland, the Isle of Man, Wales, France, Norway, Sweden, 
Germany, the United States, and Iceland. 

Lichens are mainly now used for dyeing wool or yarns, 
rarely linen, stockings, for colouring egg shells for “ Easter 
®gKS," and for dyeing homespuns. The peculiar smell of Harris 
tweeds, which are dyed with lichens, is due to the mode of 
preparation of the dyes. 

Besides being used as dye plants lichens are also used to 
form dye subst^ces called Orchil and Cudbear, which are 
substantive dyes not requiring a mordant, obtained from 
lichens known as orseilles in the Canary Islands and elsewhere, 
where they grow abundantly on the rocks by the sea. These 
dyes are purple or red. Not being permanent they are made 
so by adaition of alum or some other fixing agent. 

Dye lichens are best gathered in autumn or winter, and 
after a shower of rain, especially the rock lichens, as they can 
be better detached then. But reindeer moss, which is a heath 
lichen, is gathered in May or June, and scrottyie, a common 
stone lichen, is gathered in August in the Shetlands. Lichens 
are first washed, then dried, and reduced to a fine powder. 
To one part of powdered lichen and one part of fresh quick- 
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lime (to ten parts of lichen) are added twenty-five parts of 
pure water. To lo Ib. of lichen | lb. of sal ammoniac is added 
when lime is used. For a few days the vessel is kept covered 
up. If some salt or saltpetre is added the brilliance of the 
colours is intensified. The Highlanders distinguish the tree 
lichens as “ wood-raw/’ or “ rags,” whilst the stone lichens 
are called “ stone raw.” A metal scraper is used to scrape 
off the stone lichens. Rock lichens yield a better dye than 
tree-growing lichens of the same species. 

Although the native homespun workers have used lichens 
from remote times, the use of these valuable but little-known 
dyes has been confined to these islands and the Scandinavian 
region generally. French dyers do not use the lichen plants, 
and in works on dyeing they are not included. Orchil and 
Cudbear, however, which are prepared from lichens, have been 
known generally and are used in large bulk, after being pre¬ 
pared by a lengthy process. Cudbear is prepared in Scotland 
from corcur and other lichens. Other lichens yielding cudbear 
when treated with ammonia dye a purple colour. 

Common names exist for many of the different distinct 
lichens, but those species which can be distinguished by the 
lichenologist are unknown to the dyer, and as a rule he uses 
several species under a general name. 

Some common rock lichens go under the name of scrottyie, 
or crottle, or crotal, and there are several of these, one dyeing 
yellow, being the stone crottle, and another is called dark 
crottle, giving a yellowish-brown dye. A tree lichen named 
philamort gives an orange dye. 

The Lichen Colours and the Lichen Dyes 

From the variety of colour displayed by all the ^oups of 
lichens from dull stone to bright orange with fruit organs 
(or apothecia) sometimes of a scarlet colour, one might suppose 
that lichens of a yellow colour would yield a yellow dye, but 
that is not so. These stone-coloured lichens yield brown dyes 
in some cases and the grey tree lichen may give a yellow- 
brown dye. The yellow wall lichen dyes wool a plum colour 
with a mordant. A grey wall lichen gives a red or crimson 
or scarlet dye. 

Therefore, the colour of a lichen is no criterion as to the 
colour of the dye it will yield. Moreover, a particular lichen 
may yield dyes of different colours according to the manner 
in which it grows, or its habitat, or owing to a difference in 
climate, or altitude, proximity to the sea, or the reverse, age, 
and the time of gathering. A basin-shaped brown Ut^en 
growing on rocks yields a red dye, and cudbear lichens of a 
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grey colour afford purple dyes as noted. Hence the colour 
of a lichen bears no relation to the colour of the dyes it affords. 

Scottish Methods used in Lichen Dyeing 

Various methods for obtaining a dye from lichens are in 
vogue in different districts in Scotland and the West of Ireland, 
where the peasants collect them from trees and rocks and dye 
the Harris tweeds which have so rich an aroma. When they 
want to get a brown dye they collect the common crottle 
lichens. They gather them in July and August. The lichens 
Me first dried in the sun for wool dyeing, and no preparation 
is necessa^. All they do is to put the crottle in a bath of 
water, boil it, and let it cool. It is then boiled with the wool 
until the material is of the desired brown colour. These dyes 
are very fast, and no fixing agent or mordant is needed. The 
actual dyeing process takes several hours, as the wool does not 
quickly absorb the substances, an advantage gained in no 
other way except by the use of a mordant. The dye substance 
has no deleterious effect on the wool. The dyeing is accelerated 
by adding acetic acid, which brings out the colour. 

A very similar process is followed in using one of the rock 
lichens to obtain a yellowish-brown dye. The lichen is boiled 
in water for a day. Into this the following day the wool is 
placed and boiled until the wool is of a rich yellow-brown 
colour. The colour is richer the longer the wool is left in the 
dye, but is sometimes uneven when the wool is steeped too 
long. 

In the North of England the lungwort, a lichen known as 
rags, and stone rags is used to obtain a dark brown dye for wool, 
and requires no mordant. The substantive dyes are more 
permanent, but give a less brilliant colour, the latter being 
acquired by use of such a mordant as ammonia. If the wool 
1ms been dyed dark blue with indigo first, the addition of this 
lichen dye makes a permanent black dye. 

In the ShStlands the process of dyeing is closely similar. 
There the common scrottyie is collected in August. The lichen 
is put in a vat, or iron vessel, and this is filled up with stale urine. 
It is boiled for two hours until the mixture has the consistency 
of a mucilage, and on cooling it is like a jelly at first, and then 
becomes thicker and of a dark rusty grey colour. A layer of 
this is put on a layer of cloth and boiled for twenty minutes 
in soft water containing a little alum. After being taken off 
the fire the cloth is washed in cold water, and the dyeing is then 
complete. The lichen dye may be used several times to dye 
cloth. When a red dye is required, the lichen known as corcur, 
or korkalett, is used in Scotland. It is collected from the rocks 
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on the moors in May and June. The lichens are steeped for 
three weeks in a vessel containing stale urine or ammonia, at 
a low temperature. The substance becomes thick and tough 
as dough, and is bluish-black. It is made into cakes of la 
ounces, wrapped in dock leaves, and hung up to dry in peat 
smoke. In a dry state its efficiency lasts for over a year or 
more. It is prepared for use by soaking in warm water until 
it is jelly-like, and the cloth is dyed in the same manner as 
above. The dyed cloth is light red. Yarn is dyed with this 
lichen as well as cloth. For dyeing purposes yarn is boiled 
in the mixture. 

To obtain a claret dye the same lichen is used in the High¬ 
lands in the following manner. The lichen is pounded and 
mixed with ammonia or stale urine, and salt or seaweed added. 
This is kept for several weeks, being stirred from time to time, 
until it is like paste. It is then made up into balls with lime, 
and is kept thus for use as required. It is powdered and some 
alum added to it when required for dyeing. 

Commercial Products 

Orchil and cudbear are the commercial products from 
certain lichens. Formerly they were prepared from British 
material. They afford purple and red dyes of a fugitive nature, 
without the use of a mordant. These substances are obtained 
by the action of ammonia and oxygen upon the crushed lichens. 
In Scotland, from early times, the dye colour was obtained by 
the action of stale urine and slaked lime upon the lichen. 

Orchil is used for dyeing wool by boiling it in a neutral or 
slightly acid solution. The acid used is usually sulphuric acid 
of 3 per cent, strength ; or else alum and tartar. Orchil gives 
an even dye, as it is slowly absorbed. Orchil is used to dye 
wool before indigo is used, and also gives a compound colour 
for wool and si|k. Owing to its fugitive nature, orchil is 
rendered more fast by addition of tin as a mordant. Orchil 
gives a rich colour, the deeper the longer it is applied, but all 
the more fugitive, and thus requires tin to fix it. 

Cudbear is prepared from native lichens in the same way 
as orchil is prepared. The corcur and another lichen yield 
cudbear. A purple colour when ammonia is used is also afforded 
by some other lichens, such as the ragged hoary lichen, blistered 
Umbilicaria, and others. The lichens are pounded and water 
and ammonia and slaked lime added, and kept at a low 
temperature for two or three weeks until the whole ferments. 

Both orchil and cudbear can be obtained in the follow¬ 
ing manner. The lichens are carefully washed, dried and 
thoroughly cleaned. They are reduced to a pulp in water, until 
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fine or coarse as the case may be. Ammonia in some form is then 
added. The liquor is stirred so that it is thoroughly exposed 
to oxidation. As the colour may need toning or altering, 
potash or soda is added as required, whilst consistence is 
acquired by adding gypsum or lime. Heat is applied to cause 
the substance to ferment. 

Current Lichen-dyeing 

There are several good methods of dyeing with lichens 
which will produce the shades of brown, red, or terra-cotta 
or tan for cloth, now so fashionable for men’s or women’s clothes 
or cloth. 

Using ordinary crottle lichens, take a quantity of wool, 
and have vats or vessels for immersing the stuff in of varying 
strength, containing different quantities of crottle, or crotal, 
to give a light or a dark shade as required. After putting the 
wool in the vessel it should be boiled for an hour. At first 
the colour will be light tan by dipping in a strong solution of 
crottle, but if this is boiled for half an hour the shade will be 
darker, and if left in for two hours, quite a dark brown colour 
is the result. It is a good plan to add a small quantity of oil 
of vitriol. 

A red dye is obtained by placing layers of crottle and wool 
in a vat, in water, and then boiling until the colour desired 
is obtained, without using a mordant. The longer the wool is 
left in, the darker the shade will be. Terra-cotta shades can 
be obtained in this way quite easily. 

The common yellow lichen on cowsheds, which acquires its 
colour from the presence of a greater amount of ammonia in 
the atmosphere in their vicinity, yields a pink dye, by use of a 
mordant consisting of 3 per cent, bichromate of potash. The 
lichen in this case is boiled for just over an hour. 

A red purple dye for wool is obtained by using cudbear and 
Ic^^ood in equal parts after employing a mordant of chrome. 
To get a lighter colour one can use 8 lb. of cudbear and J lb. 
of logwood for 30 lb. of wool. 

A yellow dye for linen is obtained from a grey heath lichen 
by using a mordant of alum, one part in four, and boiling 
for two hours. The lichen is added and the wool and dye 
boiled until the proper shade of yellow is obtained. 



ESSAY 


OOACT SBOaZOV XV VAST AVOUA (X. BeU Voir, TJUI.L) 

It has been truly said that any land surface, if exposed for a 
sufficiently extended period to the action of the sun's heat, 
frost, wind, and rain, will finally be disintegrated, washed 
away by rivers and streams, and deposited in the sea. This 
process of destruction is, of course, operating in a greater or 
lesser degree upon all the existing land surfaces of the earth; 
but its action is so gradual, and its results so seemingly small, 
that there is no need for us to trouble ourselves about it. It 
is, however, otherwise with another more rapid, and obvious 
form of land removal which is proceeding, at certain places, 
round the coasts of Britain, and, because of its magnitude, it 
is necessary that we should try to understand how and why 
this removal is taking place, in order that, if possible, measures 
should be taken to prevent it. We have all, no doubt, heard 
of what is generally called coast erosion, though those who live 
at inland r^orts, and are thus not brought face to face with its 
baneful activities, do not look upon it with the apprehension 
as do others who dwell near the sea. 

It is upon the east coast of England where, frequently, 
the cliffs are composed of beds of sand, gravel, and day, that 
the laird is now, and has been for a great period of time, dis* 
appearing into the sea. A study of the ancient records of this 
part of England shows that lar^e and flourishing towns and 
vast areas of country have, sometimes with devastating sudden¬ 
ness, been destroyed, and even to-day, in spite of the ingenuity 
of man in erecting protections of various kinds, parts of 
the east coast are vanishing with melancholy rapidity. Six 
hundred ^ears ago the harbour of the important town of 
Dunwich m Suffolk was tot|^ly destroyed, and four hundred of 
its houses carried away by the sea. Church after diurch 
suffered a like fate, and, recently, the last of these ancient 
edifices of Dunwich disappeared over the cliff. The fate of 
this place is, however, but one item in the long list of disasters 
which have occurred up and down the east coast, and the 
dan^ of further trouble is by no means past. 

For many years I have been able to make a close study of 
this subject of coast erosion, and have sometimes witnessed 
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View of the Recent Great Slip of Cliff at Cromer. 
Showing how the fallen material extends from the cliffs acroi>s the beach. 
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immense falls of the cliffs, which, without warning, and with a 
thunderous roar, have swept across the beach into the sea. 
I have seen, also, the slow slipping down of even greater masses, 
bearing habitations and fertile land upon their surfaces. 
Recently, at Cromer, an area which I know intimately, there 
has been a disastrous fall of cliff, the d^ris of which now 
extends to almost half-tide mark. The accompanying photo¬ 
graph, taken immediately after this fall, gives a graphic 
idea of the manner in which the destruction of land is 
proceeding along the east coast. Now, it is usually supposed 
that the sea is solely responsible for coast erosion, but while 
this agent of destruction has not much to its credit in the matter, 
yet it can only be arraigned as an accessory after the fact. In 
order to understand this question, let us imagine a vertical 
cliff, about 100 feet in height, composed of alternating layers 
of sand, gravel, and clay. When such a cliff is exposed to 
atmospheric conditions, certain inevitable and destructive 
forces at once begin to operate upon it. In the first place, 
the wind, blowing upon the face of the cliff, begins to remove 
the smaller particles of the layers of sand and gravel, with the 
result that these deposits gradually crumble and fall, and 
accumulate in a sloping heap at the foot of the cliff. This 
process is aided considerably by the effects of frost, and of rain, 
and, before long, the sandy layers will be partially removed, 
and the intervening, and more resistant, strata of clay will stand 
out from the cliff face in the form of ledges. The next stage 
in the process of destruction is now reached when these ledges, 
unable to support their own weight, break off, and so increase 
the heap of fallen material at the foot of the cliff. Thus, 
by these means alone, an unbroken, and more or less vertical 
cliff, can very soon be partially destroyed. But, though this 
is the case, the destruction so produced is as nothing compared 
to that brought about by another agent, whose activities I now 
propose to describe. The water which falls, in the form of 
rain and snow, upon a land surface sinks through that surface 
until it reachea^some impervious stratum, and then proceeds 
to run along the slope of this deposit in whatever direction it 
may lead. The result of this process can be seen very clearly 
in operation in cliffs formed of clay and sand, as springs, 
produced by water falling upon the land surface at the top of 
the cliff, issue, frequently, at considerable depths below the 
surface. Now, this underground water running along the top 
of the deeply buried impervious layer, acts as a lubricant, and 
causes great masses of cliff to slide downwards, and forwards, 
in the direction of least resistance—that is, towards the sea. 
Upon the east coast such happenings are of common occurrence, 
and these slips generally, for some unknown reason, take a 
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semicircular form, with the result that land some distance 
from the cliff face, is involved in the downward movement. 
There cannot be any doubt that these underground spring of 
water are the chief cause of the destruction of such cliffs as 
have been described, and it is very difficult to imagine any means 
by which this destruction can be prevented. Thus far we have 
seen how a vertical cliff may be altered and destroyed by 
certain natural processes, and it will be realised that in this 
denouement the sea has taken no part whatever. In fact, 
any cliff of the kind under discussion, wherever situated, 
must be affected, inevitably, by these destructive forces, and, 
strange to say, when they have done their utmost the cliff is 
left protected from any further attacks of a similar nature. 
For, as the bluff disintegrates, a sloping bank, its slope con¬ 
forming to the angle of rest of the material composing it, is 
formed against its face, and becoming, in the course of time, 
covered and held together by vegetation, remains in position 
indefinitely. When, therefore, the sea-cliffs of the east coast 
have passed through the primary stages of destruction, they 
usually present to the sea a sloping face, which, if left untouched, 
would prevent any further loss of land. In the ordinary course 
of events the sea does not reach the foot of the slope, but when 
a combination of exceptionally high tides and violent gales 
from the north-west takes place, the protecting slope is washed 
away-—the cliff, in consequence, once more presents a vertical 
face which is immediately acted upon by the natural agents of 
disintegration, and the whole process of destruction is enacted 
again. At certain places, where a township exists, the munici¬ 
pality, in order to protect itself against the loss of valuable 
property, erects, at great expense, sea-walls and groynes, 
which, if intelligently built, and rigorously kept in order, do 
undoubtedly afford protection to the cliffs. 

But such measures are quite beyond the means of most 
private individuals, and, during any period of storm, they may 
see extensive portions of their property disappear into the sea. 
In this way thousands of square miles of East Anglia have been 
lost, and every year which passes sees the grim total mounting 
steadily. Whether it is possible, without the expenditure of 
an overwhelming amount of money, such as would be involved 
in the construction of sea-walls, to put a stop to these destructive 
processes is a debatable question, but its urgency is glaringly 
apparent, and it must be remembered that, while man con¬ 
templates and considers, the forces of nature are proceeding 
relentlessly on their course, and working their will upon our 
fast receding coast-line. 



NOTES 


Obituary: Dr. Hideyo Nogaohi 

Dr. Hideyo Noguchi is said to have died of yellow fever 
at Accra, May 21st, 1928, during his investigation of that 
disease. Some of our readers may remember that Walter 
Myers of the Liverpool School of Tropical Medicine died of 
yellow fever at Para in 1901 ; and also that Professor Adrian 
Stokes is said to have died of the same disease last September. 
Dr. Noguchi thought that he had found a spirochajte, but we 
understand that there is much doubt on the matter. Dr. 
Noguchi was bom in Japan in 1876, and was educated at 
Tokyo University. He had been connected with the Rocke¬ 
feller Institute since 1914, and was the author of some important 
advances in Pathology. 

ndi«ry Inveitigatioiu 

We have received an interesting report on the Flow of Water 
through the Straits of Dover as gauged by continuous current 
meter observations at the Varne Light Vessel (50® $6' N.- 
1“ if E.). Part I. Methods employed with a Preliminary 
Survey of the Results. By J. N. Carruthefs, D.Sc., Fisheries 
Laboratory, Lowestoft. (Ministry of Agriculture and Fisheries. 
Fisheries Investigations. Ser. II, Vol. XI, No. i. 1928.) 

The apparatus used by Dr. Carruthers is the " Drift Indica¬ 
tor ” designed by himself to show the water movements past 
a fixed positioij^such as a light vessel. In principle the " Drift 
Indicator ” is a modification of the “ Ekman Current Meter,” 
but instead of the propeller it has four rotating cups and works 
for a longer period. The instrument takes up the direction 
of water flow by means of a vane and the current is measured 
by recording the number of turns made by these cups due to 
tne passing flow of water. As the cups revolve a mechanism 
is set in motion which counts and records the revolutions and 
also indicates the direction of the current by means of a compass 
with a heavy magnetic needle. Shot are inserted into a hopper 
leading to a wheel or to a perforated ball which rotates on a 
spindle, and at each revolution of the wheel or ball one shot 
is discharged into a slot on one of the arms of the magnetic 
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needle where it rolls along a groove and falls into a box divided 
into sixteen radiating compartments. The magnet remains 
North and South ; the instrument including the box moves 
in the direction of the current, the angle between the partition 
in which the shot has dropped and the axis of the needle indicat¬ 
ing the direction of the current. The number of shot in each 
compartment shows the number of units of distance the current 
has flowed in a certain direction. 

The Indicator has now been brought to such a high standard 
that it can be used continuously for many months, each record 
being reliable and usable. 

"nie object of the present research was to use this “ Drift 
Indicator ” from the Varne Light Vessel situated in the middle 
of the Straits of Dover to secure an unbroken series of current 
meter records relating to the water exchange between the 
English Channel and the North Sea via the Straits of Dover, 
over a period of several years. The Varne Light Vessel being 
of wood is specially suitable, as current meters containing 
magnets could be used at (^uite shallow depths. The advantage 
of the present instrument is that it registers direct observations 
without the necessity of eliminating the periodic tidal water 
movements mathematically, is robust enough to keep in working 
order for several months without repair and to withstand all 
kinds of rough weather, and is simple enough to be used by 
ordinary seamen. 

A long series of continuous records is now available. The 
chief aim in reporting on these was to arrive at a clear idea as 
to the relative importance of the customary E.N.E. going 
flow and the occasional W.S.W, going flow, the stream being 
prevalent but the E.N.E. flow being much the larger and 
overwhelmingly more important than its reversal. The results 
show that an^hing may happen with regard to the current in 
the Straits of Dover between a'flow of i6‘8 miles a day from 
Channel to North Sea and a flow of ii’Q miles a day from 
North Sea to Channel. The flow from Channel to North Sea 
is least in summer and gains strength in winter. Summer 
is the season of weakest flow, autumn greatest. The greatest 
reversals are in winter. It is estimated by the author that 
enough water comes into the North Sea annually by way of 
the Straits of Dover to form a layer 13I feet thick over the 
whole superficial extent of the North Sea, and that the North 
Sea would in the course of twenty years receive through the 
Straits of Dover as much water as it (the North Sea) at present 
holds. 

llie importance of this work in connection with the fisheries 
is obvious, although no application of the results obtained to 
individual fishery research problems has been made in this 
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report. Information such as the dispersal of young herring 
spawned in the eastern end of the Channel and of the distribu¬ 
tion of plaice eggs, besides the transport of plankton, being 
cases in which a thorough knowledge of water movement is 
invaluable. As the author says, “ It is hoped and believed 
that the known cases of reversal of usual flow of water from the 
English Channel to the North Sea will serve to explain features 
in the plaice and herring stock age composition some years 
hence,” and “ the results obtained are, it can be justly claimed, 
of great potential value in connection with certain problems 
of fishery research, and the necessary applications will be made.” 

Sdenoe and iPractioe 

It is interesting to study the different ways in which 
wonderful discoveries are put into practice, and to note how 
often there is a long delay before the value of such discoveries 
are taken advantage of. In these notes mention has often 
been made of the W’onderful discovery by Sir Ronald Ross 
of the transmission of malaria by the infected Anopheles 
mosquito. 

America was the first nation to recognise the enormous 
value of his discovery, which led to the possibility of building 
the Panama Canal. The other wonderful example is the 
work of the disciple of Sir Ronald Ross, Sir Malcolm Watson, 
which has placed Malaya far ahead of any other British dominion 
or colony in the matter of malaria control work. The reason 
for the backwardness in making this scientific discovery of 
practical value has been the lack of co-operation and of general 
practical study in dealing with the destruction of the malaria¬ 
bearing mosquito. 

We noticed recently mThe Times mention of a memorandum 
which has just been issued by the Ross Institute and Hospital 
for Tropical Diseases, a copy of which has since been sent to 
us. The Me^randum announces the formation of a powerful 
body which is called the Ross Institute Industrial Anti-malarial 
Advisory Committee. The Ross Institute has acquired the 
whole-time services of Sir Malcolm Watson, and he has been 
appointed principal of the Malaria Control Department of the 
Institute. In order that the value of the experience of Sir 
Malcolm Watson may be put to the most useful purpose, the 
Advisory Committee is formed of the three Directors of the 
Institute, and Sir Malcolm Watson, and lay members repre¬ 
senting the Indian Tea Association, the Rubber Growers' 
Association, the Ceylon Association, Malayan Tin and Rubber 
Companies, Nigerian Tin Companies, Indian Gold Mining 
Companies, Indian Coal Mining Companies, Indian Jute Mills, 
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Indian Cotton BAills, Indian Iron and Steel Works and Power 
Companies, the British Cotton Growing Association, Rhodesian 
Base Metals Companies, South African Mining and Farming 
interests. East and West African Industries, West Indian 
Companies, Shipping Companies, Power Companies, Railways, 
etc. This means that tropical industries will have their 
representatives, to whom they may bring all their troubles 
connected with malaria, and the central body, with branches 
all over the tropics, will give to these the scientific experience 
at their disposal. 

Sir Malcolm Watson and the organiser. Major H. Lock- 
wood Stevens, are being sent to India and Ceylon for several 
months, and are leaving in November, and it is the intention 
of the Institute to send Sir Malcolm Watson in an advisory 
capacity to the tropical parts of the Empire for several months 
each year. The foundation of this Advisory Committee is 
the outcome of reconunendations put forward by Sir Ronald 
Ross, who has advocated this step for many years past, and 
it is generally recognised that the Empire has not benefited 
suflficiently by his discovery. It is felt by a growing number 
of people that the progress in Malaya for the past twenty- 
eight years abundantly proves the advisability of associating, 
in the future, research and active malaria-control as closely as 
possible. 

The study of malaria in Malaya has shown how it carries 
with the physical features of the land and the species of anopheles 
inhabiting it. Even in a country so small as the Malay Penin¬ 
sula, malaria was associated with various zones of land {e,g. 
salt water, mangrove swamps, fresh water coastal swamps, 
the ravines of coastal hills, the inland plains, and the inland 
hills), in certain definite ways, depending on whether or not 
the vii^n jungle was intact or destroyed. That gave ten 
types of lane which had to be studied. In addition, rice fields 
of three types were discovered, giving a total of thirteen 
different t3rpes of land. Some twenty-one different species of 
Anopheles had to be classified in the laboratory, and studied 
in the fields. This research showed that probably only four 
or five were actually associated with the spread of malaria in 
nature on any considerable scale, and that expenditure on the 
control of others was unnecessary. 

Finally, practical methods had to be devised for the control 
of malaria. These included the most widely different methods; 
in some places the strict preservation of jungle, in others 
elaborate engineering schemes, the application of larviddes, 
drainage, or flooding. In India, malaria is associated with 
other types of land, t.g. the tanks surrounding villages in the 
great plains, the rivers and hills of the Assam Vweys and 
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the wells in large cities. In other countries, other conditions 
associated with malaria have been dbcovered, each requiring 
special consideration. 

At the Congress of the Far Eastern Association which was 
held in Calcutta in December 1927, it was unanimously carried 
that for towns, mines, plantations, large public works, and 
similar aggregations of people, the control of breeding places 
of the malaria-carrying species is a method which should be 
employed whatever other anti-malarial measures are put 
into force and wherever possible this control should be effected 
by permanent works which eliminate entirely the source of 
mosquito breeding. 

Enormous sums of money have been saved to the Govern¬ 
ments and industrial undertakings in Malaya by the control 
of malaria. It is certain that in each succeeding year there 
will be an ever-increasing demand for the control of malaria, 
both by the Governments and industrial undertakings in other 
countries. The expert staff to undertake this work is extremely 
limited, and the chief problem at the present moment is how 
most rapidly to increase it. Without trained research medical 
officers and expert engineers, the attempt to control malaria 
will be unduly expensive, and in many cases will end in failure, 
if not an actual aggravation of the disease. This was a lesson 
dearly bought in Malaya. 

The lint English Aeronaut. 

The history of Aeronautics is always of interest. According 
to Tht Times of March 27, 1928, the first English aeronaut was 
James Saddler of Oxford, who died a hundfed years ago, aged 
seventy-five. By that time his fame as a balloonist and his 
other achievements were largely forgotten. He was not only 
a notable Oxford worthy, but was also a many-sided engineer 
and inventor. Born at Oxford in 1753, his first thirty years 
of life are almost forgotten, except that he was a confectioner 
and was acquainted with Tom Warton, the Poet Laureate, who 
ascended in a balloon with him. The first ascent made was one 
at Paris in November 1783, by Pil 4 tre de Rosier. After 1785, 
however, he gave up ballooning and turned to chemistry, and 
became assistant to the Professor of Chemistry at Oxford 
in 1789, and then Chemist to the newly created Board of 
Naval Works at the Admiralty until 1807. He also tried to 
improve James Watt's invention of the steam-engine and made 
a pump for docks in Portsmouth dockyard. He also invented 
an improved air-pump, a new method of blasting for mining, 
and a furnace for heating shot, a new naval gun, and a new„ 
method of rifling the bore of muskets. Some of Sadler's guns 
were fitted on His Majesty's ships. His pension was suppressed 
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without compensation, and he fell upon hard times, the usual 
fate of world benefactors. In 1812 he crossed the Irish Channel 
from Dublin in a balloon. He eventually returned to Oxford 
and died there. 

Donoes. Doss* and Motor Homs (R. B.) 

In the October number, 1927, I complained of the dog 
nuisance. Since then there have been many letters in the 
papers, but nothing appears to be done by our lawgivers. 
Yet, oddly enough, our lawgivers always like to have oppor¬ 
tunities for taxing the public. Why, then, do they not take 
the opportunity to get a good result out of taxation, as well 
as to make some more money, by increasing the dog licence to 
at least one pound a year for one dog, three pounds a year for 
two dogs, six pounds a year for three dogs, and so on, with a 
reduction for professional dog breeding ? We fancy that the 
tax would then prove very agreeable to our revenues. For 
all we know there must be some millions of dogs in this country. 

We also complained of motor-horns and pointed out that 
they are not only a nuisance to residents but also are meant to 
scare away pedestrians in order to enable cars to rush at full 
speed everywhere. It is supposed that the horns prevent 
accidents ; but really they probably increase the number of 
them, because they enable motorists to drive faster than would 
be otherwise possible. If cars had no horns, drivers would 
have to be more circumspect. Why are horns allowed at all ? 
They are not required for carriages. Meantime the list of 
horrible accidents continues to maintain its level; and a man 
was killed just outside the address of this Quarterly in August. 
As I suggested before, some city or town should prohibit the 
use of motor-homs altogether within its limits, as an experi¬ 
mental measure. The public would probably welcome much 
more stringency in the granting of driving licences. 

1 ^. W. G. Nott-Bower, Richmond Hill, is one of the nume¬ 
rous complainants in The Times, August 14, of the dog nuisance. 
One wonders why our politicians do not try to get rid of such 
nuisances on behalf of the public which supports them. The 
object of Parliament is, as we interpret it, to deal with all 
national troubles and nuisances as much as it can ; but it 
is one defect in the part3r system, that our politicians seem to 
be much more interested in party quarrels than in useful work. 

Hotel and Hewi 

The Honours list published on the occasion of the King's 
Birthday contained the following names of interest here: 
Baron-^xt Alfred Mond. Knights —^Dr. J. H. Jeans and 



NOTES 


293 

Capt. G. H. Wilkins (the Australian aviator, who recently 
flew across the Arctic Ocean). Companion of Honour —Prof. 
J. S. Haldane of the University of Birmingham. G.B.E .—Sir 
John Dewrance, past president of the Institution of Mechanical 
Engineers. C.B.E. —Dr. C. H. Lander, Director of Fuel 
Research ; Mr, H. E. Wimperis, Director of Scientific Research, 
Air Ministry. O.B.E .—Professor A. V. Bernard, Medical 
Officer of Health, Malta ; Mr. E. R. Sawer, Director of Depart¬ 
ment of Agriculture, Palestine, Dr. W, S. Tucker, Director of 
Acoustical Research, Air Defence Staff; Mr. R, McK. Wood, 
principal scientific officer. Royal Aircraft Establishment, 
Famborough. M.B.E. —Mr. W. R. Black, Ministry of Agri¬ 
culture and Fisheries ; Dr. J. F. Corson and Mr. G. Maclean of 
the Medical and Sanitary Department, Tanganyika Territory. 

Lord Melchett of Landford (Sir Alfred Mond) and Sir 
William S. McCormick have been elected Fellows of the Royal 
Society under the statute which permits persons to be elected 
who have rendered conspicuous service to the cause of science 
or whose election would be of notable benefit to the Society. 
In addition the following have been elected foreign members 
of the Society : Prof. Albert T. J. Brachet, rector of the 
University of Brussels and professor of anatomy and embryo¬ 
logy ; Prof. David Hilbert of Gottingen, mathematician; 
Prof. Paul Langevin of Paris, physicist ; Prof. Richard Pfeiffer 
of Breslau, bacteriologist ; Prof. Prandtl, professor of applied 
physics, mechanics, and thermodynamics at Gottingen; Prof. 
Richard Willstatter of Munich, chemist. 

Sir Ernest Rutherford has been elected an Associate of the 
Royal Academy of Belgium and an honoorary Fellow of the 
Institute of Physics. In addition he has been awarded the 
Albert Medal of the Royal Society of Arts, 

Sir Ronald Ross has been awarded the Harben Gold Medal 
of the Royal Institute of Public Health. 

Sir William J. Pope has been elected Prime Warden of the 
Goldsmiths’ Company. 

The Council of the Royal Society of Edinburgh has ordered 
the Keith Prize for the period 1925-7 to be divided equally 
between Prof. T. J. Jehu and Mr. R. M, Craig for their 
joint work in the Geology of the Outer Hebrides ; the Neill 
Prize for the same period has been awarded to Prof. A. 
Robinson for his contributions to Comparative Anatomy and 
Embryolo^ and the Bruce Prize for the period 1926-8 to 
Prof. H. U^. Sverdrup of Bergen for his contributions to our 
knowledge of the meteorology, magnetism, and tides of the 
Arctic. 

The Victoria medal of the Royal Geographical .Society has 
been awarded to Mr. E. A. Reeves, the cartographer. 



»94 


SCIENCE PROGRESS 

Dr. E. J. Holmyard, who on several occasions has contributed 
articles on the history of chemistry to Science Progress, has 
received the degree of D.Litt. from the University of Bristol. 

We have noted with regret the deaths of the following 
well-known men of science during the part quarter: Dr. 
Charles Chree ; Prof. E. M. Crookshank, emeritus professor 
of bacteriology, King’s College, London ; Prof. T. B. Freas, 
chemist, Columbia University; Dr. H. F. Gadow, F.R.S., 
morphologist, Cambridge University; Prof. L^on Guignard, 
botanist and one time president of the Paris Academy of 
Sciences; Prof. L. Harrison, Australian zoologist ; Dr. J. 
Home, F.R.S., geologist; Dr. H. Noguchi, at Accra, of yellow 
fever, while investigating that disease; Prof. O. Norden- 
skjdld, Swedish explorer ; Dr. F. M. Perkin, C.B.E., chemist; 
Prof. C. G. J. Petersen of Denmark, marine biologist ; Mr. 
W. E, Plummer, director of Liverpool Observatory; Prof. 
A. Schonfliess, of Frankfurt-on-Main, mathematician ; Prof. 
G. Schultz, of Munich, chemist; Prof. E. F. Smith of Phila¬ 
delphia, chemist; Dr. J. A. Thomson of New Zealand, geologist; 
Sir John I. Thomycroft, marine engineer ; Dr. W. A. Young, 
director of the Medical Research Institute, Gold Coast, of 
yellow fever, probably due to infection whilst making a post 
mortem examination of Dr. Noguchi, who was working with him. 

Sir J. H. Jeans has consented to give the first Henry Her¬ 
bert Wills Memorial Lecture at the University of Bristol on 
October 30. The Lecture has been founded by the Council of 
the University in commemoration of the donation of ^^zoo.ooo 
given by the late Mr. H. H. Wills for the erection of the new 
Physics Department. 

The portrait of Sir Charles Sherrington, painted by Mr. 
R. G. Eves, was presented to the Royal Society on June 21 
last by Sir John Rose Bradford, on behalf of the subscribers. 

The following is a list of the principal officers appointed to 
act during the session 1928-9 by the Societies named : 

Institute of Physics: President, Sir Frank Dyson ; Honorary 
Secretary, Prof. A. O. Rankine. 

British Institute of Radiology: President, Dr. G. W. C. Kaye. 
Honorary Secretaries, Dr. S. Meville and Dr. G. Shearer. 
Faraday Society : President, Prof. T. M. Lowry. 

Linnean Society; President, Sir Sidney F. Harmer. 
Honorary Secretaries, Dr. G. P. Bidder (Zoology) and Mr. 
John Ramsbottom (Botany). 

Institution of Electrical Engineers: President, Lt.-Col. K. 
Edgcumbe. 

Royal Society of South Africa: President, Prof. W. A. 
Jolly, of the University of Cape Town. Honorary Secretary, 
Prof. A. Ogg. 
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The Royal Commissioners for the Exhibition of 1851 have 
awarded senior studentships to Dr. T. E. Allibone (physics) 
and Mr. L. S. B Leak^ (anthropology) both of Cambridge 
University ; to Dr. G. E,. J. Temple (mathematical physics) 
Imperial College of Science ; to Mr. B. Cavanagh (chemistry), 
Victoria University, Manchester, and to Mr. C. E. Wynn- 
Williams (physics). University College of North Wales, Bangor. 

Senior Fellowships of the value of £700 per annum have 
been awarded by the Beit Memorial Trustees to Dr. A. S. 
Parkes of University College, London, and Dr. Honor Bridget 
Fell. Junior Fellowships (£400 per annum) have been given 
to Dr. J. H. Quastel, Mr. B. H. C. Matthews and Mr. D. R. 
McCullagh, all of the University of Cambridge, also to Dr. 
P. W. Clutterbuck and Dr. W. R, Aykroyd of the Lister 
Institute. 

Fellowships of the Salters’ Company have been awarded 
to Mr. W. K. Cameron and Mr. H. Diamond of University 
College, London, Mr. A. H. Loveless and Mr. H. Smith of the 
Imperial College of Science, and Mr. F. L. Gilbert of Nottingham 
and Cambridge. 

The Fourth General Assembly of the International Research 
Council was held in Brussels on July 13. The two important 
items on the agenda were (i) questions arising out of the 
invitation to Germany, Austna, Hungary, and Bulgaria to join 
the Union, (2) consideration of the procedure to be adopted 
when the present Convention comes to an end in 1931. 

The “ enemy " countries were invited to join the Conference 
by a unanimous resolution passed in June 1926. So far, how¬ 
ever, only Hungary has accepted. Bulgariarregrets that it is 
too poor to participate in the expense of international work, 
while Germany and Austria, showing little appreciation of the 
concession offered them, have referred the matter to the 
Verband der Deutschen Akademien. This body apparently 
declines to recommend acceptance of the invitation on the 
ground that tfee Council is an Association of governments, 
rather than of scientific bodies. The objection seems somewhat 
artificial. 

The convention ends unless it be renewed in i93L ^ 
committee has been appointed to consider any changes which 
it may then be desirable to make in the Statutes. 

A meeting of the International Astronomical Union was held 
at Leyden during the summer. Sir Frank Dyson was then 
elected president for the next meeting, which will be held in 
the United States in September 1932 —a time chosen to enable 
the visitors to be present during the total eclipse of the sun, 
visible in New England and Eastern Canada, on August 31 in 
that year. 
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At the annual general meeting of the Institute of Physics, 
on May iS, it was stated that there had been a substantial 
increase in the membership of the Institute during the previous 
year, and that the Journal of Scientific Instruments hcul become 
firmly established. Dr. C. V. Drysdale, the editor, resigned 
(chiefly on account of ill-health) and the Secretary of the 
Institute, Mr. T. Martin, was appointed to be his successor. 
From January next the Journal will be distributed to Fellows 
of the Institute without charge, and to Associates at a much 
reduced subscription rate. 

The meeting of the Royal Society on June 14 was remarkable 
for the fact that all the papers read at the meeting—seven in 
number—were due to Prof. A. V. Hill and his students. 
They dealt chiefly with experiments on various aspects of 
muscular activity—a subject which Prof. Hill dealt with in 
his usual interesting way in a recent number of Science 
Progress. 

The Department of Overseas Trade states that owing to 
the success of the last British Industries Fair it has been found 
necessary to provide an extra hall at the White City, giving 
100,000 square feet of stand space in addition to the 250,000 
square feet of stands occupied at the last Fair—roughly a 
40 per cent, increase. In Birmingham the increase of space 
will bring the exhibition area to about 250,000 square feet, 
making a total area for both sections of the Fair of over 600,000 
square feet. The Fair will begin as usual on the third Monday 
of February—the i8th in this case—and will end on the Friday 
of the following week—March 1. Public interest at White 
City was so great this year that it has been decided to open the 
next Fair to the public at four o’clock instead of five each evening. 

The Thomas Gray Trust was recently established in memory 
of the late Thomas Gray, C.B., formerly Assistant Secretary 
to the Board of Trade, Marine Department, for “ The advance¬ 
ment of the Science of Navigation and the educational interests 
of the British Mercantile Marine.” It is administered by the 
Council of the Royal Society of Arts, which decided to offer a 
prize for Navigation of the value of £30 for competition between 
selected candidates from the three principal training establish¬ 
ments for bo3rs intending to become officers in the Mercantile 
Marine, viz. the Nautical School, Pangboume, the Training 
Ship, Worcester, off Greenhithe, and the Training Ship, Conway, 
at Birkenhead. The prize, which has been offered this year for 
the first time, has been awarded, upon the result of an Examina¬ 
tion recently held, to Cadet-Captain John Herbert Chalk, of 
the Nautical College, Pangboume. 

John D. Rockefeller, Jr., has given $2,000,000 to the Uni¬ 
versity of Paris for the construction and development of a 
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central building in the new students’ quarter. A like sum 
would be very welcome in London, where it is desired to create 
a students’ quarter in Bloomsbury around the new site for the 
University headquarters. 

Preparations are being made in Germany for another flight 
across the North Pole. A giant airship, the LZ 127, now under 
construction at Friedrichshafen, is to be used. This airship 
is expected to have a cruising radius of 8,000 miles, and will 
work from a base right outside the Arctic Circle. It yet remains 
to be seen whether the scientific results of the Nobili expedition 
justify the risks run by explorers and rescuers alike. 

The members of the British Association Great Barrier Reef 
Expedition left London for Brisbane on May 26. The main 
objects of the expedition are (i) to study the conditions under¬ 
lying the formation of coral reefs and (2) to investigate the 
economic possibilities of the Reef. In addition the standard 
chemical and planktonic observations made in temperate 
seas will be carried on in order to obtain further information 
about the conditions prevailing in tropical waters. With these 
aims in view the party will camp on the Reef and take observa¬ 
tions over a period of thirteen months. The estimated cost 
of the expedition is £10,000, of which about £2,000 remained 
to be collected at the time of departure. 

Prof. Millikan and Dr. Cameron have made further 
observations of the properties of cosmic rays at Arrowhead 
and Gem Lakes in California. From the water absorption 
curves they conclude that at least three bands of different 
wave-lengths are present, the shortest being in the neigh¬ 
bourhood of 8 X io~® A corresponding «tto a generating 
potential of 150 million volts. It is shown in the original paper 
{Phys. Rev, June 1928) that these wave-lengths are consistent 
with the theory that the radiation is due to the decrease in 
mass which takes place when the more abundant ehanents 
(oxygen, silicon, magnesium) are formed from hydrogen or 
helium. The Millikan rays may thus be giving us direct evidence 
of the building up of the elements from simpler materials 
which, somewhere and somehow, must be taking place. 

It is reported that Senatore Marconi and M. Mathieu have 
succeeded in finding means of sending three messages simul¬ 
taneously with the same beam-aerial and transmitting apparatus. 
Such multiplex working will of course produce a considerable 
decrease in the cost of communication, and may even provide 
a solution to the problem of Empire broadcasting since Morse 
signals and a broadcast programme could be radiated simul¬ 
taneously from the same station. 

On Tuesday, July 31, the Rt. Hon. the Earl of Balfour, 
K.C., O.M., F.R.S., as President of the Committee of the Privy 
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Council for Sdmtific and Industrial Research, held an informal 
reception at the Forest Products Research Laboratory recently 
erected at Princes Risborough, Buckinghamshire. The object 
of the reception was to bring to the notice of all interested the 
facilities existing in the new laboratories for scientific and 
technical investigations aiming at the conservation and efficient 
use of the timber-supplies of Great Britain, both home-grown 
and imported, and to enable visitors to see the important work 
already in progress. Some 140 guests attended, representative 
mainly of timber merchants and users. Representatives of 
Dominion Governments were also present. 

The Laboratory, which was completed and equipped during 
the past year, is now fully in operation. It comprises sections 
for the study of Timber Seasoning, Timber Mechanics, Timber 
Physics, Wood Technology, Entomology, Wood Preservation, 
Wood-working and Timber Utilisation. Investigations on behalf 
of the Laboratory are also carried out at the Imperial Forestry 
Institute, Oxford (Wood Technology and Chemistry), the Um- 
versity of St. Andrews (Chemistry) and the Imperial College 
of Science and Technology South Kensington (Mycology). 

The work of the Laboratory is under the immediate direction 
of Mr. R. S. Pearson, C.I.E., F.L.S., Director of Forest Products 
Research, and the general programme of work is supervised by 
the Forest Products Research Board, under the chairmanship 
of Principal Sir James C. Irvine, C.B.E., LL.D., D.Sc., F.R.S., 
of the University of St, Andrews. 

A pamphlet dealing with the uses of home-grown timbers 
has just been issued by the Laboratory (in conjunction with 
other bodies interested in the subject). It gives a list of the 
trees commonly found in the British Isles, together with an 
account of the qualities of the timber and its suitability for 
various specific purposes. The pamphlet will be most helpful 
to all interested in the production and use of timber. It may 
be obtained from H.M. Stationery Office, price is. net. 

We have received a copy of the Abstracts of Papers on Agri¬ 
cultural Research in Great Britain and Northern Ireland for the 
period Oct. 1926—Sept. 1927 issued from the Ministry of 
Agriculture and Fisheries, and apparently prepared in con¬ 
nection with the Imperial Conference last year. It gives a 
complete review (in the usual Abstracts form) of all the British 
research on Agriculture during the year, under suitable general 
headings, e,g. Soib, Grassland, Dairying, Agricultural Econo¬ 
mics, etc. It is stated that a copy has been sent to all agri¬ 
cultural research workers, whose names appear in the " List of 
Agricultural Research Workers in the Empire.” Other copies 
qan be obtained for is. from H.M. Stationery Office. We do 
not know whether a corresponding volume is to be issued each 
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year, but if so, workers in agricultural science are very 
fortunate. 

The Sixth Annual Report of the Safety in Mines Research 
Board, that for the year 1927, has just been published (H.M. 
Stationery Office, price gd. net). As in previous years, the 
Report is mainly devoted to brief accounts of the progress of 
the numerous researches which arc being carried out, either 
directly under the Board or Committees of the Board, or at 
Universities and other centres with the aid of funds supplied 
by the Board. The subjects of research included fproblems 
relating to coal-dust explosions, firedamp explosions, spon¬ 
taneous combustion of coal (including the^treatment of gob- 
fires), the safe use of electricity in coal-mines, mining explosives, 
safety-lamps, falls of ground, wire-ropes, the control of mine 
temperatures, and mine-rescue apparatus. Eleven reports were 
published by the Board during the year, and a list is given of 
other papers relating to the researches written by members of 
the staff and published in scientific journals, etc. At the 
instance of the Miners’ Welfare Committee the Board propose 
to publish and to circulate to Miners’ Institutes short summaries 
of the results of their researches expressed, so far as possible, 
in simple and non-scientific language. 

The Report also embodies an account of the progress of the 
health inquiries carried out under the supervision of the Health 
Advisory Committee, notably the inquiries with regard to the 
injurious effects of certain rock dusts. 

We have received a copy (vol. ii. No. 2) of the Cambridge 
University Agricultural Society Magazine (pp. 80 plates and 
diagrams : W. Heffer, Cambridge. Price 2 s.-r 6 d.). Primarily 
intended for members of the Society, the magazine contains 
many articles of general agricultural interest and much sound 
common sense. It deserves a place on the magazine tables of 
all libraries and clubs in agricultural districts. 

The Cambridge University Press makes the very interesting 
announcement ^at a new edition of Sir J. J. Thomson's Conduc¬ 
tion of Electricity through Ga^es is to be published this autumn. 
In the new edition the name of G. P. Thomson will also appear 
on the title-page. Other notable books in preparation are 
Prof. Eddin^on’s Gifford Lectures on The Nature of the 
Physical World; a mathematical treatise by R. H. Fowler 
dealing with statistical mechanics, and a two-volume collection 
of Sir Joseph Larmor’s Mathematical and Physical Papers. On 
the biological side there will appear the third (and last) volume 
of Prof. F. O. Bower’s treatise on Ferns and a collected 
edition of The Scientific Papers of William Bateson. 

Messrs. Trost Brothers, of Victoria Street, have sent us_ a 
pamphlet describing the properties of Haveg, a new material 
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for use in the chemical industry. It is a phenol-formaldeh3rde 
condensation product of the Bakelite class containing an acid- 
resisting filler (usually asbestos) which can be selected to produce 
a variety of chemical and physical properties. The new 
material withstands the action of many acids and corrosive 
substances, has a low specific gravity (i’6), good mechanical 
strength, and can be used up to 130° C. (or 200® C, with a 
special grade). It is normally a good insulator, but data Tor 
the thermal and electrical conductivities are not given. It 
can be machined and coated over a metal base. 

We have received a number of the Technical Reprints of 
papers prepared by members of the staff of the Bell Telephone 
Laboratories (463, West Street, New York). The most interest* 
ing is that entitled Symposium on Television, a group of five 
papers describing the apparatus and methods used in the’ 
experimental demonstration of television given by the Bell 
Company on April 7, 1927. This pamphlet gives an advanced' 
account of the processes involved. Another paper by J. Mills, 
entitled Through Electrical Eyes, contains a more elementary 
exposition. It is likely that the reader of either of them will 
become sceptical as to the immediate prospects of television 
“ broadcasts.” 

The British Instructional Films, Ltd. (46, Brewer St., W.i.), 
have sent us a catalogue of their educational films. The 
catalogue contains 162 different titles covering a wide range of 
educational matter, although, as might be expected, the longest 
lists occur under the headings Geography and Natural History. 
The films may be hired at the rate of 105. per reel for three days 
(one day for despatch, one day for showing, and one day for 
return). Included in the list is a 12-reel film, illustrating the 
mechanism of a motor-car. 

A new edition of the geological map of S. Australia has been 
printed and may be obtained from the office of the Geological 
Survey, Adelaide. It is drawn on the scale of 32 miles to an 
inch, and embodies all the new information which has accumu¬ 
lated since H. Y. L. Brown prepared the last important edition 
in 1899. 

Bulletin No. 35 of the Council for Scientific and Industrial 
Research, Australia, contains an account of an investigation 
to determine the possibilities of kraft paper manufacture in 
Australia. Kraft paper is a strong brown wrapping paper, 
made from loi^-fibred pine pulp, which is rapidly displacing jute 
and manilla paper, and is even used as a substitute for woven 
jute bags in the cement trade. The experiments showed that a 
satisfactory pulp can be obtained from Pinus insignis, but that 
the wood at present available would only supply a mill making 
20 tons of pulp per day. On this basis the lowest possible 
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selling price for pulp would be ;£is 165. prf. per ton, as 
against £12 8 s. for imported pulp, rin ten or twelve years' 
time far more timber will be available, and a 6 o-ton mill might 
be supplied. The price could then be lowered to £i 2 per ton. 

Volume XX. of the Collected Researches of the members of 
the staff of the National Physical Laboratory is now obtainable 
from H.M. Stationery Office, price i8s. 6d. net. All the papers 
included in this volume bear in one way or another an Optics. 
There are fourteen papers by Mr. T. Smith reprinted from the 
Transactions of the Optical Society, eight by Mr. J. Guild 
reprinted from the same Transactions and from the Journal 
of Scientific Instruments, four by Dr. Walsh, and four by 
other members of the staff. Of these last papers, four appear 
in the Proceedings of the Optical Convention. The papers 
included in the Collected Researches are, of course, of an 
important character, but they are so readily accessible elsewhere, 
that it is doubtful whether the expense of republication on the 
elaborate scale adopted by the Laboratory is justified. 

Circular of the Bureau of Standards, No. 346, is a reprint of 
a circular issued in 1919, and deals with the physical properties 
of aluminium and magnesium and their alloys. It contains over 
four hundred pages, of which seventy are devoted to the 
bibliography. It is interesting to note that while in 1925 the 
total output of aluminium was 213,000 tons (of which 9,000 tons 
came from Great Britain, 25,000 from Germany, and 93,000 
from the United States), the new plant of the Aluminium Co. of 
Canada has a possible maximum output of 300,000 tons per 
year I In 1852, when the metal was a novelty, its price was 
$5 .450 per lb.; by 1896 this had fallen to ^.295, and since 
then it has fluctuated near that figure, the 'minimum being 
$0. 131 in 1911, while in 1926 it was $0,275. 

The first of a series of Founders’ Memorial Lectures was 

E 'ven at Girton College on March 3 by Sir J. J. Thomson. The 
cture has been pulnished by the Cambridge University Press 
(price, 25 . 6d.) under the title Beyond the Electron. It contains 
a simple accoutft of the new concept of the electron which has 
resulted from the discovery that when passed through very 
thin sheets of metal (less than a millionth of an inch thick) 
electrons are diffracted in the same way as light. This result 
implies that an electron is accompanied by a train of waves 
which has complete control over its path. The wave-length 
of the waves is of the order of io“* cm. Mathematically 
these*'conclusions can be treated by the methods of de Broglie 
and Schrddinger ; the physicist will find that thet reatment 
given by Sir J. J. Thomson leaves a clearer impression of the 
meaning of the subject. 

In the July nun^ber of Tropical Life attention is called to 
20 
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the use of the Nipah Palm for the production of sugar and 
spirit. It is claimed that Nipah, as a producer of sugar, will 
leave the maple behind, and with careful and scientific tapping, 
will even compete with beet-sugar. Nipah produces a good 
white sugar, and when market conditions are unfavourable, 
liquid fuel or motor spirit can be manufactured as an alterna¬ 
tive. This new source of sugar production has in the Philip¬ 
pines many advantages over that of cane-sugar, as the tapping 
of the Nipah is a very simple matter. As regards alcohol, 
it is stated that a yield of 1,200 gallons of alcohol per acre per 
annum is a reasonable estimate, although it is claimed that as 
much as 1,440 gallons per acre per annum can be obtained. 
The Nipah Palm industry has been carried on in the Philippines 
and Borneo for many years successfully, and it is now being 
introduced into Malaya. 

We have received from the Director of the British Mosquito- 
control Institute at Hayling Island (J. F. Marshall, Esq., M.A., 
F.E.S., F.L.S.) The First Annual Report (1927), and are glad 
that Mr. Marshall’s work is being continued. English mos¬ 
quitoes are often a considerable pest, in spite of the fact that 
the English climate is supposed to be too bad even for these 
insects. 

One of the most remarkable medical discoveries made of 
late is that a diet of liver or of liver extract cures pernicious 
anaemia, as shown in America and England. This pernicious 
anaemia used to be a fatal complaint, and we understand that 
the discovery was made by Drs. G. R. Minot and W. P. Murphy 
of Boston, Massachusetts, about two years ago. As liver is not 
very palatable, extracts from it are being made in the United 
States, Germany, and Britain, and are now on the market, 
and are said to give about equally good results. A single dose, 
equivalent to nearly thirty ounces of entire liver, can now be 
given to patients (Science, p. xii. May 18, 1928). 

Although years have now elapsed since dengue was proved 
to. be a mosquito-bome disease, and also the methods of 
mosquito control were fully worked out, yet there has been a 
bad epidemic of this in Athens, the number of cases being 
estimated at between 160,000 and 200,000 by August 27. One 
wonders when the politicians who manage the world’s affairs 
are going to show enough intelligence to act upon scientific 
knowledge already acquired, for the purpose of saving human 
health on a large scale. There used to be an excellent 
Antimalaria Society in Greece, but we do not know what has 
happened to it. M. Venizelos hin^elf has been a victim, being 
the seventh member of the Cabinet to suffer. Perhaps this 
will stimulate reform. 
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ICXSirOE AMD MSTAFHTSI 08 ZM BIOXAGT. By J.H. Woodobr, 
being a review of Logic and Law in Biology, by P. Chalmers Mitchell, 
C.B.E., D.Sc., F.R.S., etc. [F^. 30.] (Ixindon : Macmillan & Co., 1927. 
Price IS. net.) 

In a survey of recent observations on anthropoid behaviour 
it is written : “ Evidences of fatigue in the apes, especially in 
experimental situations which require novel adaptations of 
behaviour, have been noted by various observers. . . . 
Boutan states that mental work rapidly fatigues the gibbon 
and induces yawning and finally sleep, and Yerkes has made 
similar observations on the chimpanzee and other primates.”* 
Probably most people can confirm this observation so far as 
some ” other primates ” are concerned. Mr. Punch, in fact, 
would doubtless call it ” another glimpse of the obvious,” and 
the evolutionary biologist will have no difficulty in connecting 
it with the remark of Mr. Bertrand Russell to the effect that 
” Most people would rather die than think. In fact, they 
frequently do.” In other words, fighting is more popular than 
thinking, because we have not yet got far enough from our 
simian ancestors. The celebrated saying cS: Samuel Johnson 
is still appropriate : " Were Socrates and Charles the Twelfth 
of Sweden both present in any company, and Socrates to say, 
‘ Follow me, and hear a lecture in philosophy ’; and Charles, 
laying his hand on his sword, to say,' Follow me, and dethrone 
the Czar,' a man would be ashamed to follow Socrates. Sir, 
the impression is universal. . . .” Even in intellectual 

matters the fitting spirit in which emotion and rhetoric are 
l^ven precedence over logic is preferred to disinterested think¬ 
ing. It is difficult to find any topic upon which men can unite. 
Everywhere is competition rather than co-operation. It is 
possible to take up an attitude of detachment, if that is one’s 
preference, towards most questions, but there is one in regard 
to which this is not possible. Opinion, namely, is even divided 
about whether toleration is to be preferred to dogmatisni. 
Some regard toleration as the height of enlightenment, and 
others as the height of feebleness and folly. But is it not one 

* R. M. Yerkes and M. S. Child, ” Anthropoid Behaviour," Quart. Review 
of Biology, vol. ii, p. 44. 
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of the glories of natural science that it confines itself to that 
realm of ei^rience in which there is hope of finding common 
ground and agreement, and do we not feel that it should 
preserve an attitude of toleration rather than set up limits 
which will keep thought to one groove ? Huxley has said some¬ 
where that science commits suicide when it adopts a creed. ^ 
Dr. Chalmers Mitchell, in the above Huxley Memorial 
Lecture, writes (p. 30): “ Philosophy, since she was judicially 
separate from science, although retaining the title ‘ lover of 
wisdom,’ has made no positive addition to knowledge and has 
only been a spinner of vain words and barren ideas. How 
far the process will go I cannot guess. Personally, I doubt 
if the contained can ever comprehend the container, if the 
desire of man to comprehend the universe be more than a 
phase of anthropomorphic vanity. But hopefully we must 
pursue our hopeless task.” Prof. A. N. Whitehead, on the 
other hand, writes: “ To neglect philosophy when engaged in 
the re-formation of ideas is to assume the absolute correctness 
of the chance philosophic prejudices imbibed from a nurse or a 
schoolmaster or current modes of expression. It is to enact 
the part of those who thank Providence that they have been 
saved from the perplexities of religious inquiry by the happiness 
of birth in the true faith.”* Now if both these authors mean 
the same by the word ” philosophy ” they clearly contradict 
one another. If Dr. Mitchell is right Prof. Whitehead is 
mistaken in looking for help among the spinners of vain words 
and barren ideas. If Prof. Whitehead is correct Dr. Mitchell 
has been misled by chance prejudices imbibed from some 
untrustworthy source. Another possibility^ is that these two 
authors do not mean the same by the ambiguous word ” philo¬ 
sophy.” The interests covered by the term are so numerous 
and varied that it is possible that some may be of importance 
for the re-formation of scientific ideas and others not. One of 
the most depressing features of the modern learned world is 
the absence of intercommunication between its branches. If 
there are aspects of philosophy which are of importance to 
science then it would seem desirable that science should keep 
in touch with them, and judicial separation is a state to be 
deplored rather than one for congratulation. Isolation leads 
to ignorance, and ignorance is the best culture-medium for 
misunderstanding, distrust, and intolerance—^indeed, for every 
virus which separates men and wastes our attempts to think. 
Dr. Mitchell’s view illustrates one very common misunder¬ 
standing in regard to philosophy, the belief, namely, that 
philosophy is trying to do the same job as natural science and 
doing it badly by an inferior method. Also the notion that 
* Tht Prindpk oj R$lativify, Cambridge, 1933. P. 6. 



SCIENCE AND METAPHYSICS IN' BIOLOGY 305 

philosophy b occupied with " vain words and barren ideas " 
betrays a misunderstanding of the different functions of science 
and philosophy and their historical relations. 

Biological science has made us familiar with the notion of 
differentiation. We can legitimately extend it to political 
development and also to the evolution of thought. We might 
compare Greek thought with a fertilised ovum, with its " poten¬ 
cies," which has divided and differentiated to give us the 
highly complex texture of modem knowledge. But whereas 
in an organism differentiation and integration go hand in hand, 
this, unfortunately, is not the case with the development of 
thought, and here our analogy hopelessly breaks down. There 
is too much “ self-differentiation" with no compensating 
*' regulation.” But it is just here that philosophy finds its 
niche. In one of its aspects it provides a critique of funda¬ 
mental ideas which is invaluable as a corrective to inco- 
ordinated differentiation along one line. Modern physics is 
undergoing a process which we might liken to " dedifferentia¬ 
tion ” in so far as it involves a process of unpicking of the closed 
system of concepts which it has developed during the last three 
centuries, and an unsparing critical scrutiny of all its funda¬ 
mental notions. That system has been built upon the founda¬ 
tion of the common-sense ways of thinking of everyday life, a 
foundation which has been extraordinarily successful, but which 
b found to be inadequate in the spheres to which physics has 
now attained—so far are they removed from the conditions 
under which common-sense knowledge has been evolved. It 
is becoming recognised that common sense (in this meaning) 
is the greatest obstacle to clear thinking'knd it is here that 
philosophy comes into its own, because one of its tasks is to try 
to escape from the fetters placed upon thought by common 
sense and the egocentric predicament. 

This brinn us back to that mental work which is so rapidly 
fatiguing to gibbons and other primates. Everything is against 
it; the marvel is that it ever happens at all. "Nothing is 
more congenial,” wrote William James," from babyhood to the 
end of life, than to be able to assimilate the new to the old, to 
meet each threatening violator or burster of our well-known 
series of concepts, as it comes in, see through its unwontedness 
and ticket it off as an old friend in disguise.” Not only are 
there these individual or subjective factors against fresh think¬ 
ing, but also social ones—so-called " herd instincts,” which 
keep thought in the wonted grooves. Is not the history of 
science filled with harrowing stories of the struggles of new 
ideas in the teeth of the opposition of tradition? Another 
obstacle to change is success. The success of the simple 
notions of traditional mechaniis is astounding. They have 
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satisfied the requirements of ph3rsics for three centuries—^no 
wonder they were r^^ded as keys to the very innermost 
secrets of nature—and so long as intellectual tools continue to 
receive fresh uses there is no stimulus to seek for new ones. 
Thus the four factors mentioned—natural laziness or simian 
reluctance, fondness of assimilating the new to the old, tradition 
and success—have contributed to keep our thought undeveloped. 
The periods of really intense intellectual ferment and tradition- 
shattering thinking have been extraordinarily few within the 
historical period. The thinking of Plato and Aristotle sufficed 
from Greek times to the Renaissance, and the thinking of 
Galileo and Descartes at the Renaissance has furnished natural 
science with a stock of fundamental notions that have needed 
little revision until recent times. Thus during most of the 
intervening times thinking has chiefly been a process of working 
out of the thoughts which issued from those two periods of 
successful overcoming of the limitations from which the primate 
intellect naturally suffers. 

One consequence of this has bwn that people have taken it 
for granted that the ways of thinking thus evolved are the 
only possible ones—^witness Kant with his rigidly fixed number 
of a priori categories. Two primary modes of thought emerged 
from the Renaissance: that employed in physical and that 
employed in mental science. Between these two stools biology 
has fallen—now looking for aid in one direction, and now in 
another—instead of attempting to plough a furrow for itself. 
There appears to be little doubt that this accounts, in part at 
least, for the celebrated antithesis between mechanism and 
vitalism. It hardly seems to occur to anybody* that there can 
be any other alternative, let alone several, and if any one 
ventures so much as to suggest such a thing he is invariably 
misunderstood and accused of harbjouring secret prejudices in 
favour of one side or the other. Quite early in the last century 
it was discovered that, far from Euclid’s geometry being the 
only possible one, it was possible for thought to rise above sen¬ 
suous intuition and devise others. It then became a problem 
to determine, if possible, which was the geometry of physical 
space, provided you know what you mean by the latter ex¬ 
pression—an embarrassing' situation which had never presented 
Itself before. The suggestion has been made that the same may 
be true of physics and that there may be more ways than one of 
interpreting physical facts if we had but the wit to discover 
them. Thus philosophy explores the realm of the possible, 
and natural science is a technique for determining which 
possibilities are actualised in the world of sense. The moral 

* Dr. J. S. Haldane seems to be an hdhonrable exception, bnt the p r ese n t 
writer does not profess to understand his view nor to represent it here. 



SCIENCE AND METAPHYSICS IN BIOLOGY 307 

of all this should be fairly obvious for those who take a rather 
too naive view of biological theory, and were it not for that 
“differentiation without integration “ above referred to, these 
modern tendencies would be better understood. Consider, 
therefore, the process of differentiation in a little more detail. 
Thought begins with data and ends with interpretation. But 
data are bewilderingly and intolerably varied and complex 
and furnish endlessly diverse possibilities of interpretation. 
We are compelled to simplify, and common sense is the mode of 
simplification devised by the genius of primitive man. Science 
and philosophy are both differentiated out of this. If you put 
the emphasis on sense data and on analytical modes of inter¬ 
pretation, in purposely circumscribed realms of fact, you have 
science. If the emphasis is on broader and synthetic inter¬ 
pretations—especially on those which attempt to embrace both 
sense data and introspective data—^you have philosophy. 
But there is another possible line for thought, namely, the study 
of the interpretative process itself, a study which was begun by 
Locke although not clearly differentiated from psychology until 
much later. It is this line which has given us the flourishing 
modern science of epistemology, and it is this to which Prof. 
Whitehead refers in the passage quoted above, when he says 
that you cannot neglect philosophy when engaged on the 
re-formation of ideas. It is probably speculative philosophy 
to which Dr. Mitchell refers in such uncomplimentary terms, 
because this is the only kind of philosophy which is at all 
popular and is therefore the kind commonly understood by the 
term. Moreover, the latter kind is very frequently confused 
with science in its own speculative mood^. It is here that 
differentiation is so important, and has progressed much 
further in some sciences than in others. Biology is still em¬ 
barrassed by the fact that biological thinkers have not yet 
clearly distinguished biological from related metaphysical 
problems. How is it possible to distinguish them? It is 
extremely difiicult because, as M. Meyerson says : “ L'homme 
fait de la m^taphysique comme il respire, sans le vouloir et surtout 
sans s’en douter la plupart du temps.” * But we can try. 

In the first place the strong point of natural science has 
been its insistence upon verifiabiliw. It is this demand which 
makes it possible for science to offer a body of doctrine upon 
which agreement is possible, so that it is a common possession 
resting upon brute fact. Here is a mark of difference, as well 
as an advantage, because metaphysical problems cannot be 
settled in this way. But if we confine scientific propositions to 
the veri^ble we shall exclude from science all aMertions about 
the remote past. Predictions are clearly in quite a different 
‘ fi. Meyenon: D» VettpHeaHtm dms les sciences. Paris, 1921. P. 6. 



568 SCIENCE PROGRESS 

position because if thw are urrong th^e is a possibility of their 
bdng found to be so, out this is not possible in regara to past 
events. Assertions about the past can obviously only be based 
upon what we know at present, that is to say, they represent the 
present as the consequence of hypothetical past events conceived 
on the basis of present events known to have such consequences. 
This, of course, involves the assumption that such events did 
happen in the past and this is a reasonable assumption if it 
explains the present state of affairs. But this cannot be 
verified because you cannot, without circularity, appeal to the 
data that the theory is attempting to explain to verify the 
theory as well. Facts are very accommodating, but logic will 
not allow you to do that with them. We argue that fossils are 
the remains of extinct animals, because, coupled with geological 
data, we know that the bones of animals existing to-day are 
capable of being preserved for long periods. This is a more 
reasonable hypothesis than supposing that they were embedded 
in the rocks for the purpose of pulling the legs of geologists, be¬ 
cause at the present day such things are only done by school-boys 
at rare intervals, and there is no additional evidence that school- 
bo}rs or equivalent malignant beings existed at the epochs in 
question. We give preference to the most probable hypothesis 
as judged from evidence available at the present day. Thus 
with suitable reservations it seems reasonable to admit such 
assertions to the rank of scientific hypotheses, more especially 
when there are positive empirical data to go upon. It is 
possible to make those reservations more precbe from a con¬ 
sideration of the nature of inductive inference. Every obser¬ 
vation or experiment which is employed in an inductive 
inference is made under certain conditions which can be divided 
into three groups: (i) the essential conditions, those which 
cannot be absent if the event in question is to occur ; (2) the 
contingent conditions, which may be present or absent indiffer¬ 
ently ; and (3) those which have prevailed throughout the 
period during which human records nave been kept and which 
are not under our control. Now it seems to follow from this 
that since we cannot tell whether instances of the third type of 
conditions are essential or contingent, no assertion about the 
past can be admitted as a scientific hypothesis if it involves 
the assumption of a departure, at a remote epoch, from condi¬ 
tions prevailing to-day, in order to make the hypothesis work. 
For the laws of nature as we know them to-day are valid only 
under the conditions prevailing to-day. No one knows what 
would happen if the laws of nature were different, and hence no 
scientific assertions can be made about hypothetical epochs in 
which they are supposed to have been different. 

Dr. CKalmers Mitchell devote his lecture to an account of 



SCIENCE AND METAPHYSICS IN BI 0 LCX 5 Y 309 

what he calls Huxley’s “ logical discipline ” and to some of 
the consequences of the n^lect of it by modern biologists. 
He summarises these principles as follows : " Accurate observa¬ 
tion, clear statement, a logical scrutiny of generalisations so 
that they should not imply and should not seem to imply an 
iota of necessity ; an open mind for new facts, but a cross- 
examination of the evidence for them the more ruthless in 
proportion to their apparent contradiction of widely based 
generalisations ; and, above all, a profession of ignorance in pre¬ 
ference to the propounding or acceptance of' causal ’ principles 
which could not be put to the test of experiment.” If Huxley 
was more cautious than his contemporaries and so avoided 
making assertions which later investigations have contradicted it 
was because he was an epistemologist as well as a biologist and 
learnt his discipline from Locke and Hume. Dr. Mitchell gives 
four chief examples of ” the evils in thought due to trans¬ 
gression of Huxley’s canons ” and to the extension of one gene¬ 
ralisation or another *' beyond the sphere from which it was 
derived.” First he describes what he regards as the illegitimate 
inferences made by the late William Bateson in his celebrated 
address at Melbourne. This is condemned as the result of a 
desire to press cytological and genetical generalisations beyond 
their scope ” to a kind of miraculous preformation as definite 
as that discarded by Wolff.” We shall return to this later. 
The second example is furnished by the attempt to employ 
the concept of hormones in the service of a Lamarckian inter¬ 
pretation of evolution—an attempt which seems to be nothing 
more than pangenesis in modern dress. It involves assump¬ 
tions which have not the remotest chance "^f verification at 
present, and is an example of the type of theory which has been 
far too common in biological speculation. The third example 
is ” orthogenesis.” Dr. Mitchell writes : " Osborn has spoken 
of orthog^enesis as being due to an unknown law of hereditary 
predisposition, although he candidly admits that it may lead 
to extinction as well as to the elaboration of adaptive characters. 
It is a kind of biological Calvinism ; some stocks are vessels of 
wrath, predestined to damnation, others vessels of grace, pre¬ 
destined to such high achievements as, say, the alleged Nordic 
d'^^isation of the United States of North America. But it is 
“ not science.” This seems to be a perfectly just CTiticism. An 
appeal to an “ unknown law of hereditary predisposition ” is 
pmectly useless for the purposes of science. It is a meta¬ 
physical not a scientific use of a concept. The last object of 
Dr. Mitchell's wrath is “ emergent evolution,” or at least the 
use made of it by Prof. Lloyd Morgan. Dr. Mitchell expresses 
the opinion that this concept is helpful ” towards a materialistic 
intetpretati<m of the phenomena of life in so far as it gives a 
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chemical and physical 1 ^ over difficult stiles.” He accuses 
Prof. Lloyd Morgan of invoking it as ” a justification of his 
view that the whole sweep of evolutionary advance may be 
attributed to Spiritual Agency.” He even seems to suggest 
that Prof. Morgan is not sincere in his beliefs, when he speaks 
of “ making due allowance for the troubles of a Gifford lecturer, 
anxious to keep in the open air of science and yet to temper its 
keen wind to the supposed theological opinions of my fellow- 
countrymen." Here Dr. Mitchell does not appear to have been 
so happy in his criticism. The Gifford Lectures were not 
founded for lecturers in natural science but, according to Lord 
Gifford’s will, for ” Promoting, Advancing, Teaching and 
Diffusing the study of Natural Theology in the widest sense of 
that term,” and they were to be delivered ” without reference 
to or reliance upon any supposed special exceptional or so- 
called miraculous revelation.” The first three of Dr. Mitchell’s 
examples were scientific doctrines and could therefore be 
criticised from the standpoint of science, but the fourth does 
not profess to be a scientific doctrine but a metaphysical one. 
Consequently, in discussing it, we have definitely crossed the 
border between natural science and metaphysics, and it is 
beside the point to apply the same canons of criticism as we 
should if it offered itself as a contribution to biological theory. 
Dr. Mitchell evidently has a strong predilection for what he 
calls materialistic interpretations, and a strong dislike for 
theology, and consequently it is not surprising that he should 
feel little sympathy for Gifford lectures and the opinions of Prof. 
Lloyd Morgan, whose inclinations lie in another direction. We 
are here in a region remote from natural science because its 
demand for verification cannot be fulfilled and no discussion in 
the scientific sense is possible. 

But apart from this there seem to be directions in which 
Dr. Mitchell himself departs from the very principles he advo¬ 
cates, and falls into the same error which he wishes to expose in 
his &^t three examples. As a minor instance there is the 
Statement on p. 37; ” Apart from all questions of theory, 
evolution, descent with modification, has been established as 
the mode in which plants, animals, and human bein» have 
appeared on this earth.” This is presumably a slip because 
" apart from all questions of theory” is hardly compatible" 
with Huxley’s demand that there should be no ” iota of 
necessity.” You cannot have your cake and eat it. Finally, 
Dr. Mitchell departs from his logical principles as much as the 
authors he quotes in giving scientific assent to the doctrine 
of an original abiogenesis. He admits that this is a depar¬ 
ture, but says: ” The category of scientific faith must be 
reserved for speculations without a shadow of proof; it is an 
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honourable estate, and there is no merit in belief based on proof.” 
Now it is difficult to harmonise this admission with Dr. Mitchell’s 
strictures on Prof. Lloyd Morgan. Might not the latter also 
claim that his faith was an honourable estate ? Dr. Mitchell 
gives no explanation of how it is that faith is only honourable 
when it coincides with his own particular outlook. There must 
always be an element of faith in all empirical generalisations 
because proof in regard to them never means demonstrative 
certainty. What, then, are the criteria of merit in faith ? The 
pragmatist’s test would be satisfied with a faith which could 
move mountains, but what can we do with Dr. Mitchell’s 
belief? If it is urged that it furnishes an inspiration to bio¬ 
chemists to try to repeat the performance in their own labora¬ 
tories, then it would have so much pragmatic justification, but 
it is difficult to take seriously the suggestion that biochemists 
are such feeble-minded people that they have no other spur or 
interest in their work than is furnished by this. To say that 
such beliefs are necessary for the prosecution of research is to 
imply that no biochemist is capable of synthesising any com¬ 
pound unless he believes that it has synthesised itself in the 
past, which is manifestly absurd. 

Dr. Mitchell says that: ” We are still far from having a 
causal explanation of the evolution of living matter from the 
inorganic.” But he has insisted that Huxley’s canons require 
“ a profession of ignorance in preference to the propounding or 
acceptance of ‘ causal ’ principles which could not be put to 
the test of experiment.” What he means by saying that we 
have not yet got a causal explanation of the evolution of living 
matter from the inorganic is, presumably, that no one has yet 
succeeded in bringing about such a state of affairs that it will 
happen to-day, and that consequently we have no grounds at 
present for saying that, since it happens to-day under such and 
such conditions, and since there is reason to believe that such 
conditions were realised in the past, it is therefore reasonable 
to suppose that such was the mode of origin of living things. 
This is all that one can mean by a causal explanation of such 
an event. But it is just the absence of this information which 
distinguishes this theory from the other theories about the 
jrwnote past which have already been referred to, and it is 
the absence of this information which places this theory in just 
the same position as the theories of orthogenesis and the hor¬ 
mone theory of evolution which Dr. Mitchell criticises. We are 
no longer arguing from the present to the past, but are con¬ 
demned to ask that the past snail have been sufficiently different 
from the present to allow us to assert of it what our present 
knowledge does not permit. But when once this licence is 
admitted anyone is free to suppose whatever he chooses, and 
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there is no way of deciding between one opinion and another. 
We have left the realm of science and entered one which Dr. 
Mitchell condemns. He has himself said that where biology 
has departed from the principles he enunciated at the beginning 
“ it has been barren of additions to knowledge, fertile only in 
vain words. ’ ’ If this is true of the hormone theory of evolution 
it is equally true of abiogenesis ; and if abiogenesis is excused 
on the ground that it encourages research the hormone theory 
can claim precisely the same defence. 

The first generalisation which this doctrine of abiogenesis 
contradicts is that which asserts that every living thing arises 
from some other living thing. If we try to project this back 
into the past we contradict the geological theories which require 
that the earth was once molten and at a high temperature. 
If we suppose that organisms existed at such temperatures we 
contradict another well-established biological generalisation. 
If we suppose organisms to have existed then which could 
survive high temperatures, then we can make no scientific 
assertions about them. We are driven then either to abio¬ 
genesis or to supposing that organisms came to our planet from 
elsewhere. For neither of these suppositions is there any 
support in our experience. But just as it is open to anyone to 
suppose that germs came to our planet from elsewhere and may 
still be doing so, it is also open to anyone to suppose that 
abiogenesis occurred once and is still going on undetected. The 
latter alternative was adopted by Prof. Shafer in his British 
Association Address in 1912. All that can be said of this 
supposition is : If you assume that abiogenesis has been going 
on throughout the period of the earth’s history during which it 
has been capable of supporting living things, then at once you 
make mincemeat of all our phylogenetic theories, and this is a 
consequence which naturally wilj not trouble a physiologist. 
This assumption, then, is one which may encourage its sup¬ 
porters with the hope of a future verification, but preserves its 
plausibility only at the cost of forgetting one half of biological 
science—a thing which is veiy easy for a biochemist to do. The 
only other alternative left is to postulate a unique occurrence 
under conditions when the laws of nature were sufficiently 
different from what they are now to allow that to happen which 
we want to suppose did happen and this, as Dr. Mitchell says of 
Osborn’s orthogenesis, is not science. It is basing your 
scientific beliefs on metaphysical ones. Science discovers 
biogenesis; metaphysics wants abiogenesis, therefore it is 
assumed that abiogenesis must have happened. 

What makes abiogenesis s^m scientific is the fact, not that 
it is in harmony with what we know about organisms as such, 
but that human thought and skill have successfully combined 
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to synthesise organic compounds not otherwise occurring in 
nature apart from living things, although what is thereby 
synthesised does not admit of the predicate " living." The 
next step is smoothed over in thought by the incautious use 
of the concepts " protoplasm " or “ living matter.” These, 
from the point of view of the problem in question, are question- 
begging terms. They are names for genuine abstractions, 
otherwise they would not have survived. But, nevertheless, 
what we find in nature are not bits of protoplasm but individual 
living things. We can, if it is useful to do so, abstract from all 
the diversity of things in a cell, and from all the diverse kinds 
of cells, and think of a common stuff from which they are all 
made. But we know there is no such stuff. There is every 
reason to believe that in a given cell there is enormous com¬ 
plexity of different stuffs organised in a hierarchy of formed 
bodies. If the usual interpretation of the chromosome theory 
of heredity is true, even a single chromosome will contain an 
enormous number of different and highly specific entities. And 
yet in spite of all this it is commonly stated that the " proto¬ 
plasm " of animals and plants is identical! The nearest 
approach we ever make to protoplasm is in the mixture ob¬ 
tained by grinding up cells with sand in a mortar, in which all 
organisation above the chemical level is destroyed. There does 
not appear to be any insuperable difficulty in the way of any¬ 
one some day concocting such a mixture, but it can hardly 
be expected to support the predicate " living ” any more than 
the ground-up mass it imitates. In other words, whoever 
sets out to synthesise " life " (to use a popular expression) 
will have to give his mixture an organisation-above the chemical 
level of integn’ation. He will have to synthesise an organism, 
pot protoplasm. Moreover, if he has to exercise thought to 
accomplish this, and if this is to explain an original abiogenesis, 
he will also, if he is to carry out the analogy fairly and con¬ 
sistently, have to postulate the intervention of thought in the 
original abiogenesis—^a requirement with which Dr. Mitchell 
would probably decline to comply, since it could easily be pressed 
into the service of theology. 

But all these difficulties pale into significance if we look at 
the arguments used by those who attempt to cany out the 
speculation in detail. We find that they all involve, if they are 
to work at all, putting into the original hypothetical chemical 
compound all the properties of living things as we know them 
now. The obvious difficulty is to get your organism to start 
at all. When once this is done, and the thing has got the 
known properties of organisms, then you can appeal to any of 
the current theories of evolution, according to taste, to do the 
rest. But in order to do this, you either have to endow chemical 
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compounds with all manner of mystical properties, which they 
are not known to possess, or you have to talk vaguely of such 
abstractions as protoplasm. All these difficulties appear to 
rest on the fact that such a process as evolution violates all our 
traditional ways of thinking, and calls loudly for a revision of 
our fundamental ideas. This can be most easily understood 
from the following considerations. Two ova from two different 
^ecies develop in the same pond into quite different organisms. 
To " account for ” this we telescope these differences back 
into the original starting point, i.e. into the undivided ovum, 
in the form of “ potencies ” conceived in one way or another. 
No difficulty arises about the origin of such things because we 
can always appeal to a previous generation from which they 
were derived. This is the recourse to which we are driven by 
the difficulties we experience in conceiving, with our present 
notions, how manifest complexity can arise from apparent 
simplicity. Now when we get back to such a beginning as is 
contemplated by the doctrine of abiogenesis this device is 
denied us, unless we are prepared to endow atoms and molecules 
with such potencies. This is the difficulty which Bateson 
presented in his Melbourne Address. Bateson was one of the 
most penetrating and critical thinkers biology has so far 
possessed, and a perusal of his books shows him always able to 
grasp the essentials of biological problems, to state them clearly, 
and leave them so rather than to obscure difficulties by 
camouflaging them in speculations which flatter what Dr. 
Mitchell calls our “ anthropomorphic vanity," but which make 
" no positive addition to knowledge.” We can therefore 
either accept Bateson’s preformation and the premises on which 
it rests, or we can regard the Batesonian preformation as a 
reduciio ad absurdum of those premises, but we cannot keep 
the premises and reject the preformation. In just the same 
way we can regard Hume’s scepticism as a refutation of the 
atomistic psychological assumptions upon which it all hangs, 
or we can accept those assumptions and with them the scepti* 
dsm. But we cannot keep the assumptions and escape the 
scepticism. 

The above arguments are not offered as a refutation of 
abiogenesis. That theory may very well be true. But the 
considerations here brought forward, and many others not 
mentioned, do suggest that the implications of the doctrine 
have not been properly appreciated by biologists, and that a 
re-formation of our fundamental ideas is as much needed in 
biological as in physical science. Indeed, a mathematical 
physicist has already pointed this out to our shame, and has 
suggested directions in which we may look for light if we are 
prepared to put our biological pride in our pockets. Prof. 
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Whitehead, speaking of the rise of evolutionary notions during 
the last century, vmtes : 

a blindness which is almost judicial as being a penalty 
afiixed to hasty, superficial thinking, many religious thinkers 
opposed the new doctrine ; although, in truth, a thoroughgoing 
evolutionary philosophy is inconsistent with materialism. The 
aboriginal stuff, or material from which a materialistic philo¬ 
sophy starts, is incapable of evolution. This material is in 
itself the ultimate substance. Evolution, on the materialistic 
theoiy, is reduced to the role of being another word for the 
description of the changes of the external relations between 
portions of. matter. There is nothing to evolve, because one 
set of external relations is as good as any other set of external 
relations. There can merely be change, purposeless and 
unprogressive. But the whole point of the moaem doctrine 
is the evolution of the complex organisms from antecedent 
states of less complex organisms. The doctrine thus cries 
aloud for a conception of organism as fundamental for nature.” ‘ 

Thus the scientific thinkers who accepted evolution under¬ 
stood its implications as little as the religious thinkers who 
opposed it. They have persisted in trying to pour the new wine 
into the old bottles. Far from modern biology having any 
“ conception of organism ” its aim seems to be to try to get as 
far away from it as possible and to substitute such abstractions 
as protoplasm or' ‘ living matter.” Thought can only work with 
abstractions, but the question is: have we yet discovered what 
are the right kind of abstractions for biologicaLthinking ? Speak¬ 
ing of the history of the natural sciences. Dr. Broad has said: 

” They flounder about in the dark till some man of genius 
sees what are the really fundamental factors and the really 
fundamental structures of the rerion of phenomena under 
invest^ation. In mechanics the keystone is the notion of 
acceleration ; 4n chemistry it is the theorjr of elements and 
compounds and the conservation of mass ; in economics, per¬ 
haps, it is the notion of marginal utility. Sciences where no 
such discovery has yet been made, such, e.g. as psychology 
and biology, are almost at a prescientific level; their inductions 
cany no ^eat conviction to anyone trained in the more ad¬ 
vanced scwnces.” * 

Is anything in the nature of a renaissance in biological 
thinking possible? It would seem at first sight that Mr. J. 

* Seimet tmd the Modem World. Cambridge, 1927. P. i34- . „ 

• C. D. Broad: " The Relation between Induction and Probability, 
Mind, voL ashc, p. 45. 
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Needham, in a recent article,* was arguing that any diange in 
scientific biology was im;possible. But Mr. Needham appears to 
use the term " science ” in a very restricted, and " philosophy *’ 
in a very wide, sense. By science he seems to mean simply the 
activity of investigation itself, and by philosophy the theoretical 
interpretations reached by thought rejection on the facts which 
are the outcome of investigation. But Mr. Needham is one of 
those thinkers who believe in thought-tight divisions, and he 
wishes to interpret the speculations of Prof. Lloyd Morgan and 
of Prof. Whitehead, in his later books,* in favour of an un¬ 
changing biological methodology but with a biological philo¬ 
sophy which would otherwise flatly contradict it. The thinking 
of the investigator, he seems to suggest, is eternally condemned 
to run in one unalterable groove. Only to the philosopher is 
it granted to dwell in another sphere and understand something 
of their subtle connection. In his former writings Mr. Needham 
was content to exclude the organism from philosophy and to 
endure the absence of all connection between the latter and 
science. What he says in his recent article about the investigator 
is extremely good and profoundly true, but he has made the 
situation appear more simple ^an it is. He passes too lightly 
from the proposition that the traditional methodology is success¬ 
fully applicable to every sphere of natural science (which no one 
in his senses would deny) to the much more debatable suggestion 
that it is the only possible one. Many people have been puzzled 
by the apparent contradiction between Dr. J. S. Haldane’s 
” methodological vitalism,” as it has been called, and his actual 

E ractice. But they do not appear to have noticed that he has 
een guided by his theoretical views to approach the study of 
respiration in a way which led to discoveries which his pre¬ 
decessors had missed. This is clear from a passage at the close 
of chapter i, p. 14, of his Respiration. Instances could be given 
from other investigators who have been guided in a similar 
way although they have not so frankly faced the issue as Dr. 
Haldane has done. It cannot, therefore, be claimed that what 
we may shortly call an ” organic ” approach to biological 
problems, as opposed to a purely analytical one, is entirely 
without heuristic merit. Mr. Needham seems to suggest that 
the relation between science and philosophy is a purely ” asym¬ 
metrical ” one. Philosophy, in his sense, is to work with the 
data obtained by science, but the latter is to remain uninfluenced 
by what philosophy may do with them. It has certainly not 
been so in the past because the only philosophy which science 

‘ " Orgasicism in Biology," Joum. Philos. Studies, vol. iii, p. 37. 

* It should be noted that Profs. Whitehead and Lloyd Morgan diverge on 
many fundamental points, eqiecially on theory of knowledge and the rdation 
of mind to nature. 
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taken any heed of has been its own, namely, the traditional 
ii^terialism, and this has naturally kept its methodology in one 
groove. But if that philosophy is now beginning to crack up, 
even in the eyes of physicists, it is not for speculative reasons 
but because it is beginning to fail methodolo^cally. That this 
is so seems clear from the following passage m a book by Prof. 
P. W. Bridgman, which is written, be it noted, from a purely 
empirical standpoint. As a lesson in disinterested thinking and 
in the method of overcoming “ chance philosophical prejudices ” 
it is a book which every biolog^t would do well to read. 

"It is difficult to conceive anything more scientifically 
bigoted than to postulate that all possible experience conforms 
to the same type as that with which we are already familiar, 
and therefore to demand that explanation use only elements 
familiar in every-day experience. Such an attitude bespeaks 
an unimaginativeness, a mental obtuseness and obstinacy, 
which might be expected to have exhausted their pragmatic 
justification at a lower plane of mental activity. 

" Although it will probably be fairly easy to give intellectual 
assent to the strictures of the last paragraph, 1 believe many 
will discover in themselves a langing for mechanical explanation 
which has all the tenacity of original sin. The discovery of 
such a desire need not occasion any particular alarm, because 
it is easy to see how the demand for this sort of explanation has 
had its origin in the enormous preponderance of the mechanical 
in our ph3rsical experience. But nevertheless, just as the old 
monks struggled to subdue the flesh, so must the physicist 
struggle to subdue this sometimes nearly irresistible, but 
perfectly unjustifiable, desire."* 

What superb intellectual detachment I What an inspira¬ 
tion for every biologist who claims to have any vestige of ment^ 
elasticity 11 But if Mr. Needham is correct Prof. Bridgman is 
doing no less than bidding every investigator in natural science 
to murder the goose that lays the golden eggs. But Mr. 
Needham apjfears to be bidding science to adopt a creed, and 
that, accordii^ to Huxley, is to commit suicide. Dean Inge 
also asserts that science must be monistic. But we look in 
vain for any justification for the must in these authors’ pages. 
Surely science, in the wide sense, is at liberty to be just as 
pluralistic as it suits its convenience to be. If Mr. Needham 
would approach the problem more from the epistemologi^ 
and empirical standpoint, as Prof. Bridgman does, he would, 
perhaps, see it in a different light. The best attitude for science 
seems to be not to tie itself up with any one constructive or 
RUftaphysical scheme. The supposed necessity for monism in 
\Tk$Ugie0fMod$m Physics. New York. 1927. P- 46 . 
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science may rest on nothing more than a ps3rchoIodcal 
like our fondness for dyamc relations. And if by taking 
thought we can remove such limitations so much the better. 
We have noted the contradictions into which Dr. Mitchell has 
been led by his materialistic monism—denying, as he does, to 
others, speculations of the same logical type as those in which 
he indulges himself. Huxley’s discipline is easy to prescribe 
but difficult to follow. What, then, are we to do in the midst 
of all these conflicts and inconsistencies ? This brings us back 
to our starting point—^to our simian ancestry, our preference 
for fighting rather than thinking, for competition rather than 
co-operation, for dogmatism rather than tolerance. All these 
characteristics appear to rest on our persistent adherence to 
absolutism and mutually exclusive interpretations. Far from 
welcoming many alternative interpretations, we want this or 
that one to be ihe interpretation. Dr. Mitchell is not satisfied 
that materialism has furnished us with a fruitful methodology; 
he wants to believe that the whole world consists of, and can 
be exhaustively interpreted as, a collection of little bits of stuff 
pushing each other about—a notion derived, as Prof. Bridgman 
says, from everyday experience. It is one to be used intelli¬ 
gently but not to be adhered to with all the tenacity of original 
sin. Every such notion has its " field,” but there are many 
fields, even in what is called nature, and to suppose that we 
already possess one mode of thinking which covers them all, 
and to scorn all contraiy opinions, seems to be the height of 
“ anthropomorphic vanity.” When we consider how brief 
has been the history of human thought, and how much briefer 
still the life of natural science ; when we remember that the 
latter is only one part of the whole field of intellectual inquiiy ; 
when, further, we reflect that our experience has been limited to 
only one part of the vast scale of mamiitudes, and only one part 
of the universe during a brief period of its existence ; when we 
recall, too, that during that period our thought has been 
dominated by but few fundamental notions derived, for the 
most part, from the still more limited field of daily life ; then, 
it seems to be the height of folly to suppose that any one of our 
constructive schemes, however comprehensive and carefully 
elaborated, or however well rooted in our experience, can be 
even approximately true and exhaustive of what we know, 
still less that it entitles us to suppose that there are no further 
surprises in store for us. 

The most hopeful suggestion seems to be, then, that there 
are many ” fields,” and that whilst we are indebted to a few men 
of genius for finding the right concepts for some of them, it 
would be better in biolc^ not to persist in stretching our old 
ideas beyond their original fields until they become so thin as 
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barely to conceal the ignorance they cover. It is rarely a 
question : can a ^ven concept be used in a particular field, but, 
are we justified in asserting it to be the only one that can be 
profitably used ? Thus if we change our attitude towards 
scientific concepts, we see that there is need, not for competition 
among them, but co-operation, room for mutual supplementa¬ 
tion but not for mutual exclusion. We shall be free then to 
demand “ that reason should be used," as Whitehead sa5rs, and 
that the “ ape and tiger ” be allowed to die. 

TUVBAlCSMTAUi. By Allan Ferguson, M.A., D.Sc. Being a review 
of: (i) S<|isnoeaitdF]luoaophy,by the late Bernard Bosanquet. (London : 
Allen ft Unwin, 1927. Price 16$. net.) (2) The Logic Of Modem 
Physics, by P. W. Bridgman. (New York : The MacmUlan Company, 
1927. Price 105 . f)d. net.) (3) The Anatomy of Science, by G. N. Lewis. 
(Oxford University Press, 1926. Price 145. net.) 

We live in a queer, but thoroughly interesting world nowadays. 
Facts, for the most part dealing with, or to be interpreted in 
terms of, cqncepts whose scale of magnitude is far below that 
to which the notions of Newtonian mechanics apply, are 
accumulating at such a rate that the most unmetaphysical 
amongst us is driven to theorise. Very far distant seems the 
time when Bunsen could assert that" one chemical fact properly 
established was worth more than all the theories one could 
invent," or when Rontgen, on his way to an after-lunch 
nap in his private room, could remark genially as he passed 
through his laboratory, " Ich gehe theoretisch arbeiten." It 
is impossible to handle the vast mass of Jacts which pours 
from our laboratories at an ever-increasing pace without some 
form of theory which shall serve to correlate them, and as the 
range of the facts widens, it becomes increasingly difficult to 
fit them into one consistent scheme. Naive notions of space 
and time which have served us well enough in the past have 
to be thrown into the melting-pot, and the revolutionary 
statement that " von Stund an sollen Raum fur sich und Zeit 
ftir sich vdllig zu Schatten herabsinken, und nur noch eine 
Art Union der beiden soil Selbst^ndigkeit bewahren," has now 
become all but a platitude. 

It is curious to notice how consistently the nineteenth- 
century man of science confused the perceptual and the 
conceptual world, giving to the conceptual world a reality 
corresponding to the world of his perceptions, and so intro¬ 
ducing into a descriptive scheme such as that of the 
Newtonian mechanics an element of necessity which led to a 
confused meaning of the term " law,” and to a feeling that 
the Newtonian scheme corresponded to an external reality 
in such a way that, minor modifications apart, all newly dis* 
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covered facts would prove to be part and parcel of that 
scheme. 

Truth to tell, in spite of the fact that discontinuities such 
as the Victorian physicist would regard with sour distrust 
are now an integral part of the scheme of things, there still 
exists a feeling that the Newtonian scheme does correspond 
to something canying with it a notion of necessity which is 
absent from, say, the Ptolemaic or Keplerian S3^tems of the 
heavens; and this notion is fostered by a definition of force 
as a cause of change of motion. Yet, what are the facts ? 

We live in a world of changing sense-impressions, which 
impressions we must correlate as best we may, if we are to pick 
our way through our lives with any comfort to ourselves or 
others. And in place of this perceptual world, which, without 
stopping to discuss the meaning of the term “ real,” we shall 
call the world of reality, we introduce a conceptual world the 
changes in which, subsumed under as simple a formula as 
possible, shall imitate as closely as may be the changing impres¬ 
sions of the world of perception. 

It is but natural that the group of sense-impressions which 
are included in the term ” astronomical ” should be among 
those for which men earliest endeavoured to find a formula, 
nor is it su^rising that, built on the scale on which we are, 
the mechanical notions derived from a study of astronomical 
and molar magnitudes should be given a reality which they 
are far from possessing and should be projected and extrapo¬ 
lated down to atomic and sub-atomic regions. The surprising 
thing is, not that these notions should fail us in this region, 
but that thev should have enjoyed the remarkable success 
which has fallen to their lot. A priori, there seems to be no 
reason to suppose that they should have any validity at all 
in these realms so far removed from the re^on of everyday 
dimensions, where an hour is a reasonable unit of time, and a 
yard a convenient imit of length. 

It is not unprofitable to study in some detail the various 
conceptual schemes which have from time to time been pro¬ 
posed to represent the facts of astronomy, and specially to 
note their relation to the comprehensive scheme propounded 
by Newton. 

Hipparchus, then, reduced his astronomical sense-impres¬ 
sions to order by consfructing a conceptual world in which 
the planets move in circles around an eccentrically placed 
earth. Ptolemy employed the idea—known indeed to Apol¬ 
lonius and to Hipparchus—of the epicycle, where the conceptual 
planet moves in a circle, the epicycle, the centre of the epicycle 
moving in another circle, the aefo*ent. At (or near) the centre 
of the deferent the earth is fixed. Ptolemy placed the earth (E) 
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eccentrically at a distance C£ from the centre of the deferent, 
and introduced another point Ej, the equant, determined by 
the fact that ECEi is a straight line, and EC is equal to EiC. 
The motion of the centre of the epicycle round the deferent 
was then regulated so that, as seen from the equant, the 
apparent motion of the centre of the epicycle should be uniform. 
With this conceptual system he was able to describe the 
motions of the planets in such a way that the description agreed 
very closely with the facts of perception. Indeed, it is worth 
noting that the simple eccentric system of Hipparchus can 
represent the perceptual facts, as far as the motion of the 



sun is concerned with such accuracy that the error will never 
exceed one minute of arc. 

Using the heliocentric doctrine enunciated by Copernicus, 
but rejecting his apparatus of epicycles, Kepler described the 
motion of the planet Mars round the sun an the simple laws 
which bear his name. 

{i) The planet describes an ellipse, of which the sun is in one 
focus. 

(2) The radius vector —^the line joining sun and planet— 
sweeps out equal areas in equal times. To these, considering 
the relations 4 >etween the motions of the different planets, he 
added his third law, that 

(3) The squares of the periodic times of any two planets are 
pro^tumal to the cubes of their distances from the sun. 

Now all these systems are admittedly descriptive, but 
the Newtonian system is supposed to go a step further, and 
to rive a reason—a cause—^for Kepler’s laws. A detailed 
anal^is shows that this conclusion is unwarranted, and that 
the Newtonian scheme differs from that of Ptolemy or of 
Copernicus, where we— 

" Gird the Sphere 
With Centric and Eccentric scribbled o’er. 

Cycle and Epicycle, Orb in Orb," 
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only in that it subsumes a vdder range of phenomena undur 
a suhple formula. For in what consists the process 7 If we 
imagine a conceptual world of but two particles, we assume 
that, whatever the velocities of these particles may be, in 
whatever complex manner their motions may change, the 
ratio of their mutual accelerations remains constant and 
independent of their relative positions and velocities. To this 
ratio we give a name. We call it the mass-ratio of the particles, 
defining this mass-ratio in such a manner that— 

' Ms Mass of Q Accel eratio n of P due to Q /p 
Mp "* Mass of P Acceleration of Q due to P /o' 

Writing this in the form 

Mq/o — Mp/p, 

We name and define the product Mq/q, as the force exerted 
by ^ on Q. 

If, then, we build up a conceptual universe in which the 
mutual interactions of the particles may be described in terms 
of forces defined as we have just defined them, we find that 
we may resume a vast range of phenomena, celestial and 
terrestrial, in the shorthand statement that every particle in 
our conceptual universe attracts every other particle with a 
force proportional to the mass of each and inversely as the 
square of the distance between them. 

But we must emphasise again and yet again the importance 
of the descriptive nature of this statement. It is a statement 
of higher generality than the statement made by Kepler, 
including Kepler’s laws as one aspect of a wider solution, but 
it no more proposes a final " why ” than does Kepler’s state¬ 
ment. If we care to answer the question, “ Why do the 
planets move in ellipses ? ” and so forth, by stating that the 
law of gravitation provides the reason, no great harm is done 
so long as we recognise that such a statement is mere con¬ 
ventional shorthand. But considerable harm may be, and 
has been done by permitting such questions to import into 
the descriptions of our conceptual world an element of necessity 
which is non-existent, and which inevitably leads to a con¬ 
fusion between law in the scientific sense, and law in the legal 
sense of the word. Moreover, such explanations, in terms of 
a “ Because ” answering to a “ Why,” can never be final, 
or even approach finality. If we answer the ‘ ‘ Why ’' of Kepler’s 
Laws with a ” Because ” in terms of the law of gravitation, 
we are immediately faced with the question of the reason 
for the existence ol the inverse square law. Newton himself 
was fully alive to the difficulty, and his much-quoted and mucffi- 
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misunderstood phrase “ non fingo hypotheses ” is, when read 
with its context, part of a perfectly clear statement of the 
fact that he is unable to give any reasons for the existence 
of the law of gravitation. In the penultimate paragraph of 
the Principia he states : 

“ Rationem vero harum gravitatis proprietatum ex phxno- 
menis nondum potui deducere, et hypotheses non fingo. 
Quicquid enim ex phsenomenis non deducitur, hypothesis 
vocanda est; et hypotheses seu metaph3rsicaB, seu physicai, seu 
qualitatum occultarum, seu mechanics, in philosophia experi- 
mentali locum non habent.” 

It is, indeed, a remarkable fact that this conceptual 
system, called into being to correlate man’s sense-perceptions 
oif data of molar magnitudes, should bear an extrapolation to 
atomic dimensions, and that notions of smoothness, roughness, 
perfect elasticity and the like, applied to conceptual atoms, 
whose motions are discussed in terms of Newtonian mechanics, 
should lead to results which are in good accordance with 
quantitative data. True, we find that, as Sir J. H. Jeans has 
remarked, “ The old laws are not, so to speak, fine-grained 
enough to supply the whole truth with regard to small-scale 
phenomena," but the matter for surprise is, not that the 
Newtonian description should break down at some points in 
this realm of small-scale phenomena, but that it should have 
been found to have any validity at all therein. Kirchhoff, 
who certainly did not anticipate that new discoveries were 
likely to upset fundamental conceptions, characteristically 
remarked, when told by Sir Arthur Schuster of the effect of 
light on selenium, " I am surprised that sO curious a pheno¬ 
menon should have remained undiscovered till now." We 
may equally feel surprise that quantum ideas, which are now 
leading principles in dealing with mechanisms of atomic 
magnitude, should so long have remained unsought, and, 
indeed, down to a certain stage unnecessary. Prof. Bridgman 
has some pertinent remarks to make, d propos of the Lorentz 
field equations, concerning the risks of extrapolation processes. 

“ . . . If one contrasts the scale of the supposed dimensions 
of the electron with the smallest dimensions on which we can 
make indei>endent experimental verification of these equations, 
he must admit that there is an enormous chance for change 
in the type of equation beyond the limit that we can reach 
by direct experiment, and the chances of guessing the correct 
extension of the equation to small dimensions are correspond¬ 
ingly almost vanisningly small. . . . In spite, however, of the 
apparently enormous cmances against it, this programme of 
extending the field equations to small dimensions and following 
out the consequences was exactly the programme which Lorentz 



sethinsMlf. . . . It teems that, ri^purded as a complete descrip¬ 
tion of physical behaviour on a small scale, the equatmns 
must be judged false, because they contain no suggestion of 
quantum phenomena. 

“ Even if we have to recognise that the equations are 
false, there can be no question that they correspond to an 
i nportant part of reality, and that they have been of the greatest 
service to physics. What is the significance of the success 
that they have attained ? It is to be noticed that ail the 
phenomena to which the Lorentz equations have been success¬ 
fully applied, although not large-scale phenomena in the 
ordinary sense of the word, are nevertheless phenomena 
involving the co-operation of a number of atoms and that 
the equations unquestionably fail when applied to phenomena 
involving single electrons. It appears from our best present 
evidence that on a small scale the behaviour of nature is 
governed by quantum principles, and is therefore quite different 
from large-scale behaviour, which ... is governed by the 
Maxwell equations. There must, of course, be a transition 
zone in which the character of phenomena changes from 
quantum to Maxwell. Now any programme like that of 
Lorentz is almost inevitably bound to begin to give correct 
results when we get up as far as the transition zone, for the 
simple reason that the relations of Maxwell have been put 
into the equations and are always there ready to appear as 
soon as the quantum relations begin to give way. The physical 
significance of the success of the Lorentz programme seems to 
be that the transition from Maxwell to quantum phenomena 
constitutes a large part of the programme of the immediate 
future. 

*' All thb scepticism about the classical work of Lorentz 
is likely to be rather irritating or depressing, particularly if 
one attempts to imagine what other course could have been 
adc^ted. Indeed, it does seem that we find ourselves in a 
real quandary; Lorentz was practically forced, because of 
the character of the mathematical tools at his command, to 
take the course that he did, in spite of any recognition of the 
ph3rsical meaninglessness of the mathematical operations. . . . 
Conventional mathematics does not correspond to the physical 
reality, ... it recognises no difference between the physically 
big and the physically little and the corresponding change in 
the operational meamng of the symbols. It begins by being 
a most useful servant when dealing with phenomena of the 
ordinary scale of magnitude, but ends by dragging us by the 
scruff of the neck willy-nilly into the inside of the electron, 
where it forces us to repeat meaningless nbberish. 

“ What we should like to be able to do is easy to see. The 
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that go into our equations must have independent 
ph3rsical meaning, and the character of our mathematical 
formulation should change to keep pace with the change in 
the physical operations which give meaning to the terms. 
For example, electrical density has a meaning for large-scale 
phenomena, but means nothing on a small scale. Our ultimate 
electric unit is the electron ; when we get down to this scale 
of magnitude, our mathematics ought to be making statements 
about the relative behaviour of discrete electrons, and not 
mention so much as by implication the density at points 
inside an electron. But this sort of thing we apparently 
cannot yet do; the proper mathematical language has not 
been developed." 

Without taking every phrase in this quotation literally— 
it is obvious that the statement that mathematics recognises 
no difference between the physically big and the physically 
little requires a certain amount of qualification—it is so sugges¬ 
tive in its outlook that we make no apology for quoting these 
pages practically in toto. 

The necessity for keeping in mind the dangers attendant 
on a confusion of the perceptual and conceptual worlds is 
emphasised by the recent discussions which have arisen con¬ 
cerning the reality of atoms. Brownian Movements and 
Molecular Reality, the confession of faith of Prof. Ostwald, 
and, unless we do him an injustice, the statement by Prof. 
Eddington in his delightful book on Stars and Atoms, that 
the mark of a ray-track on a photographic plate affords the 
same evidence for the perceptual existence of individual atoms 
as does a thumb-print for the perceptual existence of a thumb; 
all these go to show that the problem of the real existence of 
particles of atomic dimensions is one which will at least repay 
analysis. 

We do not propose to enter on the thorny path of a strict 
discussion of the meaning of a " real" existence. It is not 
necessary, hlor need we consider the possibility of the existence 
of the " Dinge an sich." It is sufficient to say that in the per¬ 
ceptual experiences of normal human beings we have impressions 
of what we call " external objects." These impressions are a 
complex mixture of immediate and of past stored-up sense- 
impressions, and the sum-total of these impressions in any 
particular instance—^which is the external object—^has received 
from Prof. Lloyd Morgan the name of " construct.” The 
desk at which I now write is such a construct, my impression 
of it depending, not alone on immediate impressions, which 
diange vdth every change in the angle of view or in the condi¬ 
tions of light or shade, but on a synthesis of these with certain 
pnst senne-impressions. The question, then, before us is, is 
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th9 atom r^l in the sense~-whatever it may be—in which a 
pen, or a table, is real ? There is a tendency to assume that 
quantitative work on Brownian movements, or on ray-tracks, 
affords a demonstration of atomic reality which heretofore 
was missing, and it must be emphasised that the atom is just 
as much, or as little, of a perceptual existence after all this 
work as it was before it. 

The whole apparatus of molecules, atoms, and electrons 
constitutes a concept called into being to correlate certain 
perceptual facts—^the facts of quantitative chemical combina¬ 
tion, the decay of torsional oscillations of an horizontal disk 
suspended in a gas, the movements of the mercury in a constant 
pressure air thermometer, the movements of a fluorescent 
spot in a vacuum-tube, and the like. With all these pheno¬ 
mena before him, Ostwald was content to adopt a sceptical 
attitude to the atomic theory. How is the evidence for the 
perceptual existence of an atom strengthened by the know¬ 
ledge that, if we look down the tube of a microscope, we shall 
see a number of dancing particles whose movements can be 
predicted in terms of kinetic theory ? The perceptual facts 
are the maze of dancing particles, a line drawn across a photo¬ 
graphic plate, or, as in MilUkan’s apparatus, an oil-drop 
observed through a short-focus telescope with a scale in the 
eye-piece. We have, in fact, under our concept of atoms and 
electrons, subsumed a certain additional number of important 
experimental facts, and thereby further emphasised the con¬ 
venience of the conception. 

We are far from asserting that a concept may never become 
a perceptual reality. Ekaluminium and ekasilicon were con¬ 
cepts described by Mendel^ef, and later came into the perceptual 
scheme of things as the elements gallium and germanium 
respectively. The planet Neptune affords another instance 
which has become classical. But the atom stands on a different 
footing, and, on the scale on which we have constructed our 
conceptual world, the atom is, and, in virtue of the properties 
assigned to light-waves, always will be, far beyond the sphere 
of our sense of perception. 

We have discussed in such detail these important funda¬ 
mental notions that we have left but little space in which to 
develop or barely to recount other important topics dealt with 
in the works under review. 

The late Dr. Bosanquet’s book is a posthumous collection 
of his occasional writings garnered from various sources, and 
written between the years 1886 and 1919. They are collected 
under three main headings, (a) Logic and Metaphysics, {b) 
Ethical, Social and Political, (c) .^Esthetics. Of Dr. Bosanquet 
it can with literal truth be said that he touched nothing whifdi 
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he did not adorn, and whether he is discoursing on Science and 
Philosophy, Contradiction and Reality, Ladies and Gentlemen, 
the Idea of Decadence, or the Nature of iEsthetic Emotion—^to 
quote a few of the titles of the twenty-four essays which make 
up the book—^he is always stimulating and thought-compelling. 
True, he belonged to the class of professed metaphysicians, that 

“ Gens ratione ferox, mentem pasta chimaeris,’* 

and the impatient man of science may find some of his more 
philosophical discussions tending perilously near to logo¬ 
machies, but even there the subtleties of his argument compel 
close attention, while in his ethical essays the charm, alike of 
diction and of thought, is complete. 

Here and there, swimming rare in the vast whirlpool, one 
may find statements to which one takes a certain amount of 
exception. The essay on the idea of decadence, read before 
the students of the University College of North Wales more 
than twenty years ago, provides a case in point. Dr. Bosanquet 
develops the thesis that the decadence of the post-classical 
age not merely permitted, but actually produced, in its relaxa¬ 
tion of spiritual tension, the revival of the epigram, and he 
quotes in illustration lines whose haunting charm is often in 
the ears of one who has read them understandingly : 

" They told me, Heracleitus, they told me you were dead, 

They brought me bitter news to bear, and bitter tears to shed ; 

I wept, as I remembered how often you and I 

Had tired the sun with talking, and sent him down the sky. 

" And now that thou art lying, my dear old Caiiaa guest, 

A handful of grey ashes, long, long ago at rest. 

Still are thy pleasant voices, thy nightingales, awake. 

For Death, he taketh all away, but them be cannot take.” 

Johnson Cory’s translation is a perfect poem, and, in the 
admirable way in which, full of sentiment, it avoids all trace 
of sentiment^ity, the translation illustrates equally the 
“ relaxation of spiritual tension,” and the debt which we owe 
to one aspect at least of the art of a decadent age. _ But is 
it Callimachus ? We doubt it, and the translation given by 
the Vice-Provost of Eton in a recent number oi The National 
Review exhibits an austerity of phrase which is not that of a 
decadent age. We hasten to add that we are far from attempt¬ 
ing to conmat the main thesis of Dr. Bosanquet's essay—we 
vrould mereljr hint that this particular illustration does not 
cany conviction. 

The world is the poorer by Dr. Bosanquet's death, and we 
ow€ E debt of fipratitude to the pious care which has gathered 
together these fragments of a richly endowed mind. 



338 SCfSKCE IPROGRESS 

Professor Bridgmatt*s essay does not consider in any great 
detail the epistemolc^cal problems bdoyed of Dr. Bosanquet. 
In fact, he frankly adopts a naive attitude to metaphysical 
problems. “ We shall accept,” he says, ” as significant our 
common-sense judgment that there is a world external to us, 
and shall limit as far as possible our inquiry to the behaviour 
and interpretation of this external world.” Within these 
limits he discusses learnedly and acutely of the relative character 
of knowledge, of explanations and mechanisms, of models and 
constructs, of the concepts of space, time, causality, identity, 
velocity, force and mass, energy, thermod3mamics, relativity, 
and of electrical and quantum concepts. 

He has introduced us to a novel and interesting test of the 
significance, or otherwise, of the many fundamental questions 
which are now vexing the mind of the natural philosopher. 
There may, or may not, exist in nature bodies with properties 
expressed by certain concepts. Whether these concepts have 
an3rthing corresponding to themselves in nature is a matter 
for experiment to discover. For example, " the concept of 
length is . . . fixed when the operations by which length is 
measured are fixed : that is, the concept of length involves as 
much as and nothing more than the set of operations by which 
length is determined . . . the concept is synonymous with 
the corresponding set of operations.” This ” operational ” 
attitude towards a concept leads to an interesting definition 
of the significance of a question. If operations can be found 
by means of which an answer may be given to the question, 
the question has significance. Otherwise, it is meaningless. 
” This matt^ of meaningless questions,” continues Prof. 
Bridgman, “ is a very subtle thing which may poison much 
more of our thought than that dealing with purely physical 
phenomena. I believe that many of the questions asked about 
social and philosophical subjects will be found to be meaningless 
when examined from the point of view of operations. . . . We 
shall no loiter jiermit ourselves to use as tools in our thinking 
concepts of which we cannot give an adequate account in 
terms of operations. In some respects tmnking becomes 
simpler, because certain old generalisations and idealisations 
become incapable of use. ... In other respects, however, 
thinking becomes much more difficult, because the operational 
implications of a concept are often very involved.” l^of. 
Bridgman has doubts concerning the social virtues of those 
who indulge in operational thinking, looking forward to a 
measure of unpopularity for the earnest seeker who holds up 
an argument by demanding the meaning of apparently the 
simplest terms. This unpopularity is not novel; Somtes 
experienced it, and we foresee, in operational circles at least. 
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a revival of the defensive move initiated by Poinsot. “ Are 
we agreed,” said he to a disputatious friend, ” on the meaning 
of the word time ? Very well, let us talk about it. Are we 
not agreed ? Very well, let us talk of something else.” 
But Prof. Bridgman points out a possibility which offers 
encouragement to the operational thinker inasmuch as, with 
greater skill in operational methods of thought, much of our 
present conversation may become unnecessary. A very 
desirable end. 

Prof. Bridgman’s work is thoroughly stimulating and 
suggestive, and he is never more suggestive than when he is 
dealing with the extrapolation of large-scale ideas to small- 
scale phenomena. One further quotation will serve to sum¬ 
marise his attitude: ” The invention of new concepts is 
certainly not an easy thing, and is something which physics 
has always deliberately and perhaps justifiably shirked, as 
shown by the persistent attempts to carry the notions of 
mechanics down into the finest structure of things. This 
shirking has not had bad results, but on the contrary good 
results, as long as physics has been primarily concerned with 
phenomena near the range of ordinary experience, but I believe 
that, as we get farther and farther away from ordinary experi¬ 
ence, the invention of new concepts will become an increasing 
necessity.” 

One may be tempted to ask what Prof. Bridgman means 
by ordinary experience? Small-scale experience is denied to 
us—^we may interpret certain ordinary scale phenomena in 
terms of small-scale concepts, but the limits of our existence 
are such that our experience, as far as scale goes, is, of 
necessity, ordinary. Possibly Prof. Bridgman is referring to 
operations carried out at temperatures and pressures outside 
the common range. However that may be, it remains true 
that the widening of our experience is daily forcing on us the 
necessity for the invention of new concepts. 

Prof. Lewis’s book consists of a series of eight addresses 
delivered at Yale College as one course of the Silliman Meniorial 
Lectures. The author discourses easily and genially, with a 
fine sense of scholarship and a wealth of apt illustration which 
at times imparts a delusive sense of ease to a difl&cult problem, 
of Numbers, Space and Geometry, Time and Motion, Matter 
in Motion, Light and the Quantum, Probability and Entropy, 
the Non-mathematical Sciences, and Body and Mind. Each 
lecture is in itself a complete unit, though through the different 
essi^ runs a connecting thread of thought, which outlme^ 
in the author’s own words, a ” satisfying little philosophy, which 
I venture to believe is shared by a number of men of science, 
although it differs as widely from the materialism traditionally 
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attributed to scientists as it does from the thinly disguised 
theology of classical metaphysics.” Where all is interesting, it 
were invidious to select; but if we were to choose one essay as 
more fascinating than another it would be that on Probability 
and Entropy, where the author conducts us by easy stages 
from the miracle of the one-gram weight rising ” spontaneously ” 
through a height of ten centimetres once in a number of 
centuries to reckon which a million is all too small a unit, to 
the daily miracle of the dance of the gamboge particles in 
Brownian movement. And if, as captious critics must, we 
were to hunt for a phrase to which we should take exception, 
we should find it in the last essay in the book, where the 
author, adopting the Johnsonian solution of the eternal problem 
of free will, says, ” It is a paradox which comes almost daily, 
to our attention and never more than at the present time, 
when the doctrine of determinism is very widely taught, and 
yet we have an uncommonly keen sense of individual responsi¬ 
bility, which is one of the main ideas underlying our whole 
social structure.” 

But surely a sense—^in ourselves or concerning others—of 
individual responsibility is inherent in every system of deter¬ 
minism, and is, ipso facto, ruled out from a free-will system. 
No determinist for a moment assumes that in our volitions 
we are not free to choose—^the fundamental question is, 

” What determines our choice ? ” Free will, if it means 
anything, means that our volitions are uncaused, and in the 
moment in which we take up such an attitude all ideas of 
moral responsibility go by the board. 

What will be the ena of it all ? Criticism of certain con¬ 
cepts of the Newtonian scheme has led to the theory of Relati- 
tivity; quantum notions have been introduced by the failure 
of our small-scale concepts to -represent accurately certain 
aspects of our perceptual universe; and at the moment we 
find it convenient to explain certain sense-impressions in terms 
of mutually contradictory conceptual schemes. Are we to be 
content with mechanical models—one model devised to illustrate 
one set of phenomena, a second to illustrate another set, and 
possibly a third, or even a fourth ? Or are we better advised 
to scrap all models, and to consider a phenomenon explained 
when we have described its progress by means of a differential 
equation ? One fascinating possibility begins to emerge from 
the welter of S3r5tems—^almost daily appearing and dissolving 
—^which are employed to describe the sequence of our percep¬ 
tions, that the whole apparatus of atoms, electrons, and ether 
may disappear and be replaced by a system which shall 
describe the full routine of our perceptions in terms of the 
geometry of space. 
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Hmnorifobe tnlliil fairfmali> ii ftlinf in g . By Dr. Martin Lindow. [Pp. viii + 
176, with 17 figures.] (Berlin and Bonn : Ferd. Diimmlcrs Verlags- 
buchhandlung, 1928. Price M.15 stitched, M.18 bound.) 

In the applications of mathematics to data obtained from experiment or 
observation the functions determined by these data are only known by their 
numerical values for a discrete set of values of the argument. It is fre¬ 
quently necessary to differentiate or integrate the functions so defined. 
Even should analytical expressions be available, to obtain numerical values 
is often a matter which sorely taxes the powers of the computer. An 
analogous problem is the determination of numerical values of functions 
defined by ordinary differential equations. 

The object of this book is to show how the foregoing problems may be 
approached by means of the calculus of finite differences and by interpola¬ 
tion formulae based thereon. A uniform notation for both differences and 
sums has been used throughout which makes the formulae obtained readily 
intelligible. The full chain of reasoning has been presented in deriving 
methc^ of interpolation, differentiation, and integration, but the author 
has kept in mind that his end is essentially a practical one and plenty of 
numerical illustrations, mostly based on astronomical data, are given. A 
very valuable feature of the b^k is the admirable set of tables which present 
the interpolation formula? of Newton, Stirling, Bessel, and Gauss, each accom¬ 
panied by interpolation coefficients up to the sixth dilference, together with 
tables of the formulae of practical differentiation and inte^ation and the 
necessary numerical coefificients. This book should certainly be in the 
hands of all who are interested in the numerical problems arising from 
tabular material. 

L. M. M.-T. 

ViMtalOm im UMm gtomttriqtmi dam la Pemde greoqne: Point, Ligne, 

Slurlaoe* Par Fbdbrigo Enriques. Traduit sur la troisidme Edition 
italienne par Maurice Solovinb. [Pp. viii -f 45.] (Paris: Gauthier- 
Viilars ct Ge, 1927. Price 12 fcs.) 

PftOF. Enriqubs traces in this tract the gradual refinement of geome^, 
from the measuring practice of early Egyptian civilisation to the logical 
treatise of Euclid. 

After reviewing the material handled on to the Greeks and the j^urse 
of their own discoveries of new geometrical facts, he examines the history 
of the removal of obstacles to abstract rational proof. The more important 
of these were the notion of a point having size (held in the Pytlmgor^ 
School, side by side with an atonic theory of the universe), and the dimeumes 
of incommensurables and of infinity. The Greek way of dealmg with tn^ 
led to Aristotle's definitions, axioms, and postulates, which formed the 
essential foundations of Euclid's work. Finally, the author gives anin- 
teresting survey of the nature of the foundation required for the ordering 
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of any daductive science according to the refinements of Modem Logic, and 
of the effect of the use of intuition in such a foundation. 

The book gives a clear picture of the relative places of the works of 
the Greek Schools, of Euclid and of Archimedes ; as well as an account of 
the logical criticisms of the last century, leadii^ to the broader fields and 
more facile methods of modem geomet^. It is the French translation of 
the first of a series of twenty-two reports on Questions relating to Elementary 
Mathematics, drawn up by vanous authors under the editorship of Prof. 
Enriques. 

Those who study mathematics in the Universities to-day have ample 
opportunity for losing connection with elementary questions in a cloud of 
higher developments—even though they acquire great technical skill. The 
series (all of which are to be translated and published m French) is designed 
to counteract this tendency and, more particularly, to give those who are 
to teach mathematics a clear grasp of the historical point of view, which 
secs the germ of higher researches m elementary problems. 

We hope that the present investigation may be of use in clearing away 
the geometrical confwnon that is common among students and teachers in* 
England. 

F. B. 


VKTUtCm 

Foriesnngen fiber Tbeoretiiche Phyiik, Von Prof. Dr. H. A. Lorsntz. 
Bwd II, Kinetische Probleme. Band III, Aethertheorien und 
Aethermodette. [Pp. vi -f 136 and 78, with 23 and 19 diagrams, 
respectively.] (Leipzig: Akademische Verlagsgesellsch^t m.b.H., 
1928. Price, bro8ch.M.X7,geb.M,z8.) 

Das book before us is the second of the series on mathematical physics written 
by students of the late Prof. H. A. Lorentz and based directly on the lectures 
whkb he delivered at the University of Leiden. It contains the second 
and third volumes of these lectures. The second volume, on problems in 
luetic theory, is contributed by Dr. E. C. Bruins and Dr. J. Rendler, It 
is mainly concerned with the hydrodynamic and kinetic treatment of viscosity, 
and a great deal of attention is devoted to Knudsen's investigations wi& 
rarefied gases. It also deals with the kinetic theory problems associated with 
the emission of electrons by hot bodies and with contact difierences of 
potential. The final chapter of this volume includes an interesting section 
on the kinetic energy of the electrons in an electric current, and is very typical 
of the lucidity for which Lorentz was famous. The third volume, on modds 
and theories of the ether, is contributed by Dr. H. Bremekamp. In it are 
described, from the viewpoint of the mathematical physicist, the importwt 
researches which have been devised to test the various hypotheses concerning 
the structure of the ether. The models of the ether are described, for the 
same reason, no doubt, that Lorentz described them in later years, in order 
that they may enable us to visualise the phenomena more easily, and, pertiapSi 
to lead to furaer research. Very complete lists of references are given. 

L. F. B. 

IntanneAieto SeoMotty uA Mignitlgm. By R. A. Houstottw, M.A., D.Sc. 
[Pp. X X70, with X55 diagrams.] (London: Longmans, Green A; 
Co., 1928. Price 4s, 6d. net.) 

A oooD intermediate textbook is always of interest to all engined in teaching 

e ysics, and Dr. Houstoun's latest book is certainly very g(^. It does not» 
wever, possess the charm and distinction which characterise his inter* 
mediate textbook of light, although it is as clearly written and as wett 
supplied with diagrams and examples. The chapter on cathode raySi X« 
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nyz, and mdioactivity might with advantage be enlarged, and we hope that 
in 4 future edition Dr. Houstoun will omit the description of the esqperiment 
which is wrongly supposed to illustrate the production of mechanical pressure 
by cathode rays. L. ¥. B. 

>tw Wodds lor Old. By R, G. Lunnon, M.A., M,Sc. [l>p. v + io6.] 
(London : Methuen Sc Co., 1928. Price 2s, 6d. net.) 

In this book the author attempts to give a thoughtful person with no previous 
knowledge of physics a review of the results of modem research. His language 
is restrained and concise, and he gives an adequate account of all the important 
phenomena which are likely to interest such a person. L. F. B. 

Hie Kite of Modem Physios: A Popnler Sketoh. By Henry Crew, Ph.D. 
[Pp.«vi 4- 356, with 38 illustrations.] (London : Baillidre, Tindall Sc 
Cox, T928. Price 22s. 6d. net.) 

This work by the Fayerweather Professor of Physics in Northwestern 
University, Illinois, is based upon a course of lectures delivered by the 
author to undergraduates with no specialised knowledge of science. Hence 
it is intended for the general reader, as well as for the professed student of 
physics. 

The field covered is a wide one, for the book begins with the earliest 
known Eastern modes of measuring mass, time, and angle, and ends with 
Bohr's theory of the atomic spectrum of hydrogen. The first hundred p^es 
serve to summarise the Greek, Arabian, and Mediaeval European contributions 
to the stock of mechanical and physical facts and ideas. The modem age 
of experiment, beginning with GaUeo, is then traced out with increasing 
detail, and in the later chapters we follow the growth of the several branches 
of physics through the period when these were developing along independent 
lin^. The closing chapter shows the convergence of these distinct lines of 
advance in the modem science of spectroscopy. No attempt is made to 
deal with Relativity: the word does not even appear in the index. 

We can recommend Prof. Crew's treatise as a wise selection of what is 
essential from the mass of facts confronting the historiftti of physics. The 
material has been summarised without loss of clearness, and the style has 
the freshness and vitality which we associate with the American college 
textbook. 

There are several slips in the text, besides the more obvious printer's 
jerrors. The diameters of the successive " Newton's Rings ” (p. 161) are 
proportional, not. as stated, to the successive natural numbers, but to the 
square roots of these numbers. “ Glazehook " on p. 131 (footnote) should 
read " Glaaebrook," and the correct title of Heath's work referred to on 
p. 24 (footnote) ft A History of Greek Mathematics, Other passages which 
mi|fht be modified in future editions occur on p. 31, where the plane of the 
ecliptic is described os " the plane of the sun’s motion about the earth as we 
now say," and on p. 95, where the human eye is classed with the periscoj^ 
among " well known modem examples " of the camera obscara. Again, it 
appears rather a bold claim to make for Hipparchus, the discoverer of pre- 
Ce^on, that he " showed that the motion of the earth is essentially that 
a boy's spinning top " (p. 32). It is unlikely that Hipparchus adviced 
beyond tli^ stage of explaini^ the fact of precession as due to a rotation of 
the sphere of stars about the pole of the ecliptic. 

ITie book is generously illustrated with twenty-four full-page plates, 
most of them portraits of noted physicists; and there aie explanatory 
fifom in the text. There is a brief bibliography and an adequat^nd^ 
It is to be feared, however, that the high price of the work may restnet its 
drcidation etnong those for whom it is intended. A. Armitage. 

22 
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Wten-Bimp WmOmA dar Byp « r<menU l|far^ Band. XI3L Diapendoii 
und Abadrptioni von Gsonas jAVFd. Median mit vertodetlichem 
Brechtingsindex nnd lichtxerstreuung, von Richard Cans. [I^. 
viii + 430, with 77 illustrations.] (Leipzig; Akademische Verlags- 
gesellschaft 1928. Price : brosch. M. 39, geb. M. 41,) 

Ws so often find in our textbooks on light that the learned and lengthy 
discussions of the theory of dispersion are quite unaccompanied by any 
satisfactory description of the experimental side of the subject. It is there¬ 
fore a pleasure to read an important work in which the experimental side is 
given the attention it deserves. Prof. George Jaff^, of Giessen, opens his 
treatment of dispersion and absorption with an interesting historical intro* 
duction which is written in a very attractive style. Then, within the bounds 
of some fifty pages, he concisely reviews the more important theories of 
dispersion, and discusses the various formulae to which they lead; after 
which he proceeds to describe the investigation and the detailed results of 
the dispersion of gases, liquids, and solids. His subject-matter is very up-to- 
date ; for example, he describes Wetterblad's prism method, for measuring 
the dispersion of gases in the infra-red region, which was published as an 
Upsala dissertation of 1924. It is also veiy complete ; thus, in his treatment 
of the di^rsion of gases he devotes sections to all the important methods 
of investigation, prism methods, interference methods, differential interfero¬ 
meter methods, and grating methods. Moreover, some attempt is made to 
indicate the relative value of the various methods. Experimental results 
are discussed at length in separate sections, the discussion of cases of anomalous 
dispersion being particularly clear and complete. A chapter is devoted to a 
discussion of the theoretical significance of the experimental results, and this 
includes sections on the number of dispersion electrons and on natural 
frequencies. The treatment of absorption is equally complete. 

Prof. Cans, of Kdnigsberg, is responsible for the two remaining portions of 
the book. The first of these deals with media of variable refractive index* 
It includes sections on astronomical refraction and Schmidt's theory of the 
sun's disc. The second portion deals with the scattering of light by small 
particles, and includes a description of the Pulfrich photometer for measuring 
the turbidity of a medium. 

Volume XIX is therefore another important addition to our valuable 
books of reference. The printiug and illustrations are of the same high 
standard that we have commended in the reviews of the earlier volumes of 
this Handbuch. It has been mentioned that in this volume some attempt 
is made to compare the value of difierent experimental methods, and we im 
that a more critical attitude of the various contributors to the Handbuch 
might render it even more valuable than it is at present. 

L. F. B. 

GBBXXgniT. 

A Oomprthaniive Trattiie on Inoiganlo and Thaorettoal Ohamiftnr. By 

J, W. Mellor, D.Sc„ F.R.S,. Vol. VIII, N. A P. [Pp. x + mo, 
ulustrated.] (I^ndon: Longmans Green A Co., 1928. Price 63s. 
net.) 

Thb fixation of nitrogen is vital to the progress of civilised humanity, and 
unless we can class it amon^ the certainties to come, the great Caucasian 
race will cease to be foremost in the world and will be squeezed out of existence 
by races to whom wheaten bread is not the stafi of Ufa." 

When Sir William Crookes startled the world with these words in 1898 
they acted as the catalyst to a series of scientific and industrial achievements 
of a magnitude almost without murallel in the history of applied science. 
The importance of nitrogen in the life cycles of animals and plants was indeed 
known, but that the world was in dangmr of actual nitrogen starvation within 



REVIEWS 


335 

a meaaiumble period was a new and alarming conception, and it was soon 
recognised that the solution of the problem of nitrogen fixation on a large 
scale was one of vital importance to hnmanity. 

As a result of a generation of research in university laboratories and 
chemical works chemists have once more come to the rescue of mankind 
and by their efforts have achieved a victo^ the stupendousness of whi^ 
is hardly known to» and certainly not reali^ by. most of the world*s in¬ 
habitants. 

Inevitably these investigations have led to a renewed interest in the 
chemistry of nitrogen, and for the large number of chemists engaged in these 
investigations Dr. Mellor's latest volume will be more than welcome. One 
could wish that even more space had been devoted to the discussion of the 
actual problem of nitrogen fixation, but that is perhaps asking too much, 
especially as the literature references given are very fi^. though somewhat 
surprisingly there appears to be no mention of the important Government 
Report on Nitrogen Fixation, published just after the Armistice. 

Among minor omissions may be noted the absence of any reference to the 
industrial importance of sodamide for the commercial synthesis of Indigo, 
and on page 360. in discussing the photosynthetic work of Baly and Heilbron. 
there is no mention of the serious criticisms made by Snow and Stone. 

The remaining third of the book deals very fully with the chemistry of 
Phosphorus and enables one to realise the vast amount of work that has been 
done on this strange and ubiquitous element. 

It is scarcely necessary to add that Volume VIII is fully up to standard " 
and on the principle that a good wine needs no bush it is quite unnecessary 
for the reviewer to do more than state that Volume VIII is now published 
and leave the chemists and librarians to do the rest I 

F, A. Mason. 

BOTunr 

Ttntk Crop Planti. By H. A. Jonbs and J. J. Rosa. [Pp. xiv+ 537.] 
(London : McGraw-Hill Publishing Co., 1928. Price 25s. net.) 

Truck-farming, or the growing of vegetables on a large scale at a more 
or less great distance from a market, is a modern phase of vegetable pro¬ 
duction of such importance that it merits special divisions in certain of 
the American universities. Vegetable growing is passing out of the domain 
of horticulture into that of field crops, though connection is still maintained 
in the marketing. In this age of serialisation the old-time market garden¬ 
ing has ramified into several branches, the chief being seed growing, vege¬ 
table forcing, home gardening, canning and pickling crops, market gardening 
prof^r, and truck farming, but several ty^es of production are still often 
carried out on the same farm. 

A good deal of scattered field research has been done on truck crops, 
but a broad survey of the literature was needed, and an endeavour is made 
to supply this in the present text-book which is not intended primarily for 
olementi^ students, cultural details being therefore omitted. The b^s 
of discussion is the plant itself, and any appropriate branch of scientific 
knowledge is applied to explain cultural practices and the n^ponse of the 
plant. Owing to the rapid development of truck fanning information as 
to the economics of manuring the crops is still fragmentary and little attempt 
is here made to deal with it. On the other hand, the importance of mwt 
and plant pests is fully realhied, their control being even more urgent than 
the need for manuring, and particular attention is devoted to them. 

Truck-farming, with its distant markets, involves a very close correla- 
tton b etweem adaf^ation of the crops to soil and climate and to the exj^ted 
time of marketing, the latter of which is all-important from the point of 
•riew of the prices realised, and attention is concentrated on one or a very 
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Uiw crom on each fam. Shipment it usually in car lots, and the develop** 
ment of truck-farming has proceeded alongside the improvement of transport 
S3r$tems and the insiallauon of refrigerating cars. Competition between 
truck crops supply and local competition has to be carefully considered. As 
the crops are perishable, large ductuations of over- and under-supply occur, 
as crops cannot be held over, if in excess, against a time of dearth, as is 
the case with wheat and similar crops. The future of truck-farming prob¬ 
ably lies in production at lower costs rather than in the possibility of higher 
sellmg prices. Hence the importance of the study of the plant and its 
needs, and of the best methods of handling and manuring soils, as increased 
production will depend more on intensive cultivation and less ufxin occupy¬ 
ing new areas of virgin soil in America. 

Truck crops are widely distributed among the natural orders, only one 
or two genera in each order supplying the major crops. On the other hand, 
one genus, as Brassica, may supply many species of the utmost economic 
importance. Of the twenty-seven described, twenty are of importance in 
England. The general method of treatment of each crop is prefaced by 
a description deling with taxonomy and history, followed by an account 
of the plant characteristics, with emphasis upon that part of the plant valued 
as a vegetable, as stem in asparagus, tuber in sweet potato, and fruiting spike 
in TLesL mais. Methods of cultivation, harvesting, and marketing are then 
dealt with, together with special information relating to the individual crop, 
as canning ot asparagus and bolting of brassica. Finally, for each crop 
the main insect, fungus and bacterid pests are indicated, with an outline 
of the methods of control that may effectively be adopted. A number of 
dear illustrations emphasise the salient points in crop development, and 
sufficient tables are provided to clarify various points with regard to manur¬ 
ing and marketiag without overburdening the reader with masses of detailed 
statistics. Winifred E. Brenchlby. 

The Oacden Intereiti of Madeira. By M. c. Grabham, M.D., LL.D. [Pp. 
xii + zoo, with three plates.] (London: W. Clowes dc Sons. I%ioe 
5s. net.) 

Tbe greater portion of this little work consists of an enumeration of the 
more striking flowers of the Madeiran Flora dealt with under their respective 
families. This is preceded by an introductory section in which the chief 
features of the floral pageant are dealt with in their seasonal succession. 
These two sections contain a considerable diversity of information, mis¬ 
cellaneous in character but refreshing in its ^consequence. 

There is no attempt at narrative and it is hardly a book of reference, 
for the reader will rarely find similar information respecting the cMerent 
species, but numerous points are commented upon which should prove of 
interest both to the casual visitor and the inhabitwt. 

We mav note that several introduced plants are cited as pests amongst 
which the Asparagus Fern, four sp^es of OxaHs, Eupatoriam adenophorum^ 
AUium ffogrms, and Solanum auncidaium call for especial comment. The 
tendency for the introduced Corse to oust the Broom is also noteworthy. 

B. J. S. 

nOLOOT 

Animal Kokgf. By T. B. S. Haldane and Julian Huxley. [Pp. xvi 
344, with 122 illustrations.] (Oxford: at the Clarendon Press, Z927. 
Price xoSf net, cheap ed. 6s. 6d. net.) 

This book is not addressed to the professed biologist, but to the gmiecal 
public. Consequently it should be criticised from the standpoint of the 
average educated reader* The most that can be asked of a book of this k^ 
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t$ that the author should give his defenceless readers the maximum of un¬ 
adulterated biological facts and the minimum of his personal predilectiOiis. 
Failure to comply with this requirement is one of the chief dangers of popular 
science, and Messrs. Haldane and Huxley seem, on the whole, to have avoided 
it to a greater extent than is commonly the case. Another danger of popular 
science arises out of the dithculty of telling the truth in popular language as 
science progresses and so gets further removed from common-sense experience. 
The general reader, especially if his taste has been vitiated by persistent, 
newspaper reading, prefers cut-and-dried assertions to carefully weighed and 
properly qualified alternatives. But with care it is still possible in biology 
to say much that is both interesting and important without being misleading 
and without palming off personal metaphysical prejudices upon the public 
in the name of science. A third danger, and one which is closely allied to the 
first, depends on the fact that so many authors find it necessary not only to 
offer their wares as intrinsically interesting and as sufficiently worth having 
for their own sake, but also as immensely useful and important in some 
practical sphere or other. One consequence of this is that the purely 
utilitarian aspect of science is over-emphasised in the popular mind, and 
science becomes associated with various forms of propaganda. But it is 
not easy to see why intellectual values should not be as intrinsically meritorious 
as, say, aesthetic ones, and why those who pursue the first should not be as 
satisfied with them from that point of view as those who pursue the second. 
Practical applications of science usually have their negative as well as their 
positive side, and if science is to claim credit for the latter it also saddles itself 
with the responsibili^ for the former. The dangers are particularly great 
in too hasty applications of biology to human affairs on account of the un¬ 
certainty of inductions in the non-mathematical sciences, and the great 
differences of opinion which exist on every topic. Moreover, if the man 
in the street is taught to value science primarily for its practical applications 
he may come to neglect those values which most distinguish men from the 
beasts, because they do not happen to provide him with rapid means of 
transport, telephones, surgery, tinned food, high explosives, and other minis¬ 
trations 4:0 his material needs. 

Messrs. Haldane and Huxley are of opinion that^** only by a judicious 
combination of eugenics and good education can we get the best out of 
humanity; and biology is basic for both.** But some people would point 
out that ancient Greece, in some directions at least, got the best out of 
humanity before cither eugenics or biology was dreamt of. Experts never 
seem to be able to see these general sociological problems from any other 
angle but their own. Consequently, while everyone will welcome any help 
offered by positive additions to biological knowledge, sociologists and 
educationists would be well within their rights to emphasise the fact that they 
are primarily coffbemed with those characteristics of man which do not come 
within the scope of biological science, and that it is their business to assess 
the importance of the auxiliary sciences. The average biologist is apt to 
confuse psycholc^y with the physiology of the nervous 83r8tem, and eugenics 
is a good example of a topic upon which expert opinion is divided even as 
rega^s physical qualities. This is clear from a recent critical article by 
Pwf, Raymond Pearl [Verhai%dlungen des K, InUrnationalen Kongresses fiif 
V0refbungswi$$enschaft, Berlin, Z927. Bd. I, Leipzig, 1928, p. 261]. 

Messrs. Haldane and Huxley apparently take the view that thought has 
been an essential factor in human evolution, and this seems to be the only 
consistent thing to do if you believe in eugenics. If you prefer to speak of 
laryngeal habits ** instead of thoughts you enjoy the advantages of what 
Whitehead cal l s ** homogeneous thinking about nature,** but it then becomes 
difficult to make sense, or at least common sense (to which a popular book 
must address itadf), of Ihe proposition that the exercise of laryngeal habits 
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will to Ubit increaafaig perfection of the htiniiut race. On the other 
hand to carry out a programme of pi3rcho-biology is exceedingly difficult. 
It usually ends in a hopeless confurfon of psychological and neurological 
terminology, and a mixture of interpretation which is neither good neurology 
nor good psychology. The authors of Animal Biology appear to use the terms 
brain and mind ahnost as synonyms, with a preference for the former. On 
p. 143 they speak of a part of the brain as being ** concerned in putting sensa-* 
tions together and interpreting them." The extremely ambiguous term 
" sensation " is still responsible for a great deal of confusion in neurological 
literature. By using it first in a neurological and then in a psychological 
sense great metaphysical feats can easily be accomplished. In the present 
case, if by this term is meant an afierent neural process then doubtless there 
is a " putting together " in the brain, but what docs it mean to say that this 
organ " interprets " them ? Can " sensations," in this sense, be said to be 
interpreted at all ? It would be better to omit the word " interpret " from 
neurological nomenclature. On the other hand, if by " sensation " is meant 
what is sensed then we are talking psychology and there is primarily no 
" putting together." When a mescal student looks through a microscope 
for the first time what he sees is a confused blur of colour which he has first 
to analyse if he is ever to learn anything. He does not see " sensations " 
and proceed to stick them together. If you are talking psychology you 
must begin with what he sees, not with what you suppose to going on in 
his brain. Most physiologists are constitutionally incapable of under- 
standing this elements^ point. But such confusions are not likely to disturb 
the general reader. Every novel he reads is a psycho-biological mixture and 
therefore he wiU feel most at home with a book which ignores such difficulties. 

Messrs. Haldane and Huxley have succeeded in compressing a great deal 
of good and fresh information into their three hundred and forty pages, and 
the pictures are copious and extremely good. There seems to be some un¬ 
necessary repetition. We are told about thyroids on p. 162, and in the succeed¬ 
ing section much the same information is given on p. 190. How anti-diphtheria 
serum is prepared is told on p. 166, and again on p. zSg in the following 
section. It would appear that the two authors have written these two 
sections separately. Also on p. 204 it is explained that palaeontological 
data do not give information about the method of evolution, and ti& is 
repeated on p. 233. The authors describe the usual theories on this problem 
and decide in favour of natural selection. They point out that the facts 
which are explained by the other theories can aho be enlained by the one 
they favour. It seems strange that people can still dmer violently about 
this question when it appears, from the nature of the case, to be one which 
can never be decisively settled. Each side can claim to explain what the 
others explain since the course of the explanation depends on which of several 
alternative assumptions you choose to start from. From the nature of the 
case it is very difficult to form an estimate of the relative probability of these 
alternatives. For the guidance of the general reader it might be pointed 
out that the doctrine of natural selection is not, and does not as such profm 
to be, an explanation of the origin of species, although it is associated in the 
pulffic mind with the title of Darwin's book. It explains why ceitain 
variations, having appeared, did not survive. The Darwinian theory appeals, 
like orthogenesis, to the occurrence of spontaneous inheritable variations. 
But the Darwinians prefer to regard their appearance as " accidental" and 
the supporters of orthogenesis prefer to say that they appeared according to 
an immanent law. The former have to make large dratto on time in order 
to get enough accidents in the right direction—a difficulty which does not 
confront orthogenesis. The Lamarckians can also take shelter behind time 
in order to escape the criticism that they have not yet succeeded in producing 
convindng experimental evidence of their contentions. They also have 
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to appeal to the capacity '* of the orgauoiem to do just what they require of 
of it. Why should itxe lining of a 8ea-gull*s stomal alter so as to become 
thicker and more like that of seed-eaUng birds when it is fed on com ? 
Why should the muscle of a dog's bladder thicken and become striated when 
the quantity of fluid it has to deal with in a given time is artiflcially increased ? 
It would be very difi&cult to explain these facts and the familiar facts of 
regeneration on any theory. As Messrs. Haldane and Huxley point out, 
“ regeneration is a primitive property of life." The traditional theories of 
evolution are far too simple. All scientiflc theories begin by being simple 
and end by being complicated, and the fact that this has not happened in 
the case of the theories of evolution is perhaps a bad sign. They can claim 
the merit of having provoked a great deal of valuable research, even although 
the results have not always been in accordance with what was expect^. 
The wisest attitude to take, from the scientific point of view, seems to be that 
of Johannsen, when he says : " In Wirklichkeit ist das Evolutionsproblem 
eigentlich eitfe ganz offene Fr^e," [W. Johannsen: " Estperimentelle Grund- 
lagen der Deszendenzlehro," in KuUur dsr Gegenwart, Teil III, Abt. iv, Bd. I, 
p. 659-3 

The usual care of the Oxford University Press has been plenteously 
bestowed upon this book, and their skill has combined with the learning of 
the authors to make it a very attractive volume. j. h. W. 

Bsaobiopod Morphology and Oanera (Beoent and Tertiary). By J. Allan 
Thompson, M.A., D.Sc,, F.G.S. [Pp. vi -f 338, with 103 figures and 
2 plates.] (Wellington, N.Z.: Manual No. 7, New Zealand Board 
of Sciences and Art, 1927. Price 175. Obtainable from the Govern¬ 
ment Printer, or The High Commissioner for New Zealand, The 
Strand, London.) 

This manual will be welcomed by all students of the Brachiopoda. The 
author’s attitude to his subject and the method which he has applied 
to the systematic account of the Recent and Tertiary Brachiopoda are 
indicated by these words in the Preface; " The interpretation of the dis- 
rinctive characters requires that morphology shall be treated, wherever 
possible, by the method of morphogeny—the determination of the sequence 
of forms resulting in the existing structures—and that classification shall be 
based as far as possible on morphogenetic considerations. Towards this 
goal Beecher and Buckman have blaz^ a clear trail, and in this manual the 
attempt has been made to carry it a few steps further." 

The systematic account of Recent and Tertiary genera is comprehensive 
and includes descriptions of a number of new genera. This account is 
preceded by a chapter in which the author proposes a new Major Glassification, 
^e Brachiopoda are divided into two sub-dasses based primarily on the 
genesis of the pedicle in living forms. The sub-class Gastrocaulia, approxi- 
xnately synonymous with the Inarticulata of Huxley, includes the Orders Atre- 
mata (Obolacea, Lingulacea, Siphonotretacea) and Neotremata, comprising the 
super&miUea Paterinacea (IPaterinidae, Schuchert), Acrotretacea, Discinacea, 
and Craoacea. The pedicle develops within the protegulum from the ventral 
mantle lobe, and the mantle lobes develop without revolution. The author 
regards the succession of hemiperipheral W holoperipheral growth in the 
ventral valve as a significant indfex of the affinities of the Paterinacea, yet in 
Micromitra there is mixoperipheral growth and a S3rmbolothyTid foramen ; 
according to the author’s amended diagnosis these are ordinal characters 
of the Atremata. The sub-class Pygocaulia, approximately equivalent 
to the Articulata, includes in addition to the Protremata and Telotremata, 
the new order Palseotremata, comprising the Rustellacea and Kutorginacea. 
In the ItygocauUa pedicle develops from the caudal segment of the 
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embryo^ and If never endoeed witbln the shell; the maatla bbee revolve in 
developing. 

The tot part of the volnme. coxnpriBing over one hundred pages, is 
devoted to a general ac€X>unt of brachiop^ anatomy, development (embryonic 
and post-embryonic), shell structure and morphology, and recapitulates at 
some length the work of Beecher, Schuchert, S. S. Buckman, and other 
authors. For the description of ^ell morphology the author adopts the 
terminology used by Buckman and devotes a section to the description of 
this author's method of calcining the test to reveal internal characters. There 
is a chapter on the range in time and distribution of the Australian Tertiary 
Brachiopoda by Irene Crespin and Frederick Chapman, and a very compre¬ 
hensive bibliography of Recent and Tertiary Brachioj^a. Illustrations in 
the text, for the most part reproductions of figures in other memoirs, are 
numerous and good. 

John Weir. 


The Brain from Ape to Kan. A Contribution to the Study of the Evolution 
and Development of the Human Brain. By Frederick Tii-nky, 
Ph.D., M.D. With Chapters on the Reconstruction of the Grey Matter 
in the Primate Brain Stem, by H. A. Riley, A.M., M.D. Two vols. 
[Pp. xxvii + 1120, with 557 illustrations, of which 35 are coloured.] 
(New York: Paul B. Hoebner, Price I25.00; London: H, K. 
Lewis & Co. Price £s 5s, net.) 

These two volumes, weighty in more senses than one, represent many years 
of work on the part of one of the most outstanding neurologists. In recent 
years the United States has been the scene of a very curious and atavistic 
outbreak of obscurantism on the part of a group of people known for some 
inexplicable reason as Fundamentalists," and the method of presenting 
the racts and the style of writing in the present volumes have been infinenced 
by a desire to combat the position adopted by such persons. This is in no 
way detrimental to the book, but the attitude may appear strange to one 
not aware of the reason underlying it. 

Much work has been done on the primate brain, both from the specific 
and comparative points of view, and particularly in the matter of the develop¬ 
ment of the cerebrum, its convolutions, and the localisation in the neo-pallial 
cortex thereof of the motor and sensory areas. The present work, in addition 
to the convolution pattern, follows a less frequented path in attacking the 
brain-stem and its various nuclei. The animals chosen for study have been 
arranged in four groups as follows: The lower Primates, including Lmt^r 
mongoi, Tarsier spectrum, Callithrix jacchus (the Marmoset), Mycetes senictUus 
(the Red Howling Monkey); the intermediate Primates, including Papio 
cynocepluUus (the Baboon), Macacus rhesus, Hylobates hoolock (the Gibbon); 
the hi^er Anthropoids, including Simia satyrus, Troglodytes niger, and 
Troglodytes gorilla ; and lastly Homo. In the first three groups the work on 
each species is divided into two chapters, one dealing with the behaviour of 
the animal and the structure of the brain, and the other, written by Prof. 
Rilev, on the reconstruction of the grey matter in the brain-stem. Each 
section also terminates with a reasoned " comparative summary of structures 
having evolutional significance in the brain-stem." In the case of Homo, 
the behaviour portion has been emanded into a long, interesting chapter 
dealing with the origin of and trends of behaviour in primitive and modem 
man. There is also added a chapter on the brains of primitive man, wherein 
we find, among a vast deal of other information, that the author deduces 
from the proininence of the inferior frontal convolution in Pithecanthropus 
" that be added one supreme advantage to the motor equipment of animal 
life. He had learned to speak^to communicate in verbal language." Lastly, 
to fifth part of to work is devoted to the evolutional modifications of the 
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primate cerebrum culminating in the human brain, a useful bibliography for 
further reading, and an extensive index that gives ready access to any 
information desired. 

Each animal is dealt with similarly and the corresponding structure 
treated in order and in a uniform manner, so that even without the index or 
excellent summaries it is easy to make comparisons. The volumes contain 
an enormous amount of information regarding the structure of the brain¬ 
stems of the various animals, illustrated by a wonderful series of photographs 
and drawings, so that one can follow the details in a manner not usually 
possible in works of this sort. In addition to these strictly morphologic^ 
chapters the functional activities and behaviour dependent on the diiOferent 
structures are indicated and discussed in a truly fascinating manner. 

The books appear very free from slips, but on p. 870 restorationr ** 
should read " restorations,** and on p. 84, in discussing the position of Tarsiurs. 
it is stated that the ** Royal ** Zoological Society of London expressed its 
opinion on this subject. What is really meant is that in a discussion at a 
meeting of the society there was general agreement. ** Royal *’ is erroneously, 
sometimes, but not always, prefixed to Zoological Society in the list of 
references. 

It is interesting to note that the author definitely removes the Gibbon 
from the higher anthropoids, and also places man in a separate family 
determined by five ** hominid ** characters. These are : (i) the human brain; 


(2) the human foot; (3) the human hand ; (4) the erect posture with bipedal 
locomotion ; and (5) a terrestrial mode of life; but are not the last four all 


covered by or absolutely dependent upon (4) ? Man is not an ape, but the 
apes are related Primates, and ** They have become most effectively arbo- 
realised, have ascended well up into the trees, where doubtless they will remain, 
quite as unconcerned in the origin of man as they are innocent of participation 
in it." 

For the book as a whole there is nothing but praise; it is well printed 
and beautifully illustrated. The technical portions are lucid and the more 
general matter written in an interesting and gripping manner. It will be 
welcomed by anatomists, roologists, neurologists, psychologists and indeed 
by all interested in the immediate ancestry and relarionships of man. It 
will long prove a veritable mine of information. We congratulate Prof, 
Tilney and his co-worker most heartily on this large and important work, 
and shall look forward eagerly to the other parts he promises that will complete 
a survey of the vertebrate brain. 

C. H. 0 *D. 


Tbe Skate Raja €finac$a Wtohdl: A Laboratory Manual. By Charles 

W. Crbaser, Ph.D. [Pp. X 4- 57, with 2 text-figures.] (New York: 

The Macnmllan Co., 1927. Price 4s. 6<f. net.) 

Tms text is intended as a laboratory guide for junior classes with no previous 
knowledge of dissection. The preface puts forward the claim of the skate 
as a superior form for an introduction to a primitive type, but does admit 
that its body form is so highly specialised t^t it is necessary to introduce 
demonstration material to illustrate a generalised form—an obvious draw¬ 
back. The directions given, in part, apply to the author's own laboratory 
routine and provision of material. The two text-figures are poor reproduc¬ 
tions of figures in Parker's Zootomy, and strangely enough there is no reference 
to either Rand or Rand and Ulrich's papers on the species chosen. One 
fiseful feature that might be copied with advantage by other texts, particu¬ 
larly where the species supplied to a laboratory are liable to vary, is a key to 
the common skates and rays of the Atlantic Coast of North America. 

There are certain curious statements that are liable to mislead junior 
ftodents, it is stated that The embryonic first afferent artery of the 
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fint foch, the qxbtadei is not penistent in the ndult skate. . * Apert 
from the fact that the qriiade is not an arch but a cleft, it has an afteent 
vessel in the adult, namely, the vessel termed by the author the hyoidean 
artery/* The ** fourth cranial"—^it does not say what, but means nerve—is 
stated to arise from the mesencephalon, and the fifth item the medulla, thus 
leaving the metencephalon without a nerve. 

We cannot see &at there will be much use for this text, at any rate in 
universities, and it will certainly not replace the account of the skate in 
Parker's Zootomy. q Q*iy^ 

Sleep ProdueUon. By Lbvi Jackson Horlacrer, B.S.A., M.S. [Pp. x 4 
418, with 137 text-figures and a number of tables.] (New York: 
McGraw-Hill Book Co., 1927. Price J4.00 net.) 

Thb author's aim is to provide a guide to the judging, feeding, breeding, 
management and marketing of sheep and wool more particularly for the use 
of classes in sheep husbandry in Agricultural Colleges. He has certainly 
been successfuL The book is divided into four sections, dealing with: 1 the 
history and development of the industry, distribution, anatomy, judging, 
feeding and breeding ; 11 a description of the various breeds; 111 the manage¬ 
ment of the fiocks; and IV a glossary of the terms used in connection with 
idieep and wool. As might be expected, the part dealing with anatomy is 
brief, of little use to the comparative anatomist, but adequate to provide a 
satisfactory basis for the other parts of the book. 

The University of Kentucky hats always taken a foremost place in the 
sheep husbandry in the United States, and, as the author is a member of the 
staff there, it is only natural and wise that the information and experience 
accumulate there have been largely drawn upon. The first section of the 
book covers a wide field and gives a short account of the laws of genetics in 
order that breeders may understand and utilise them. It also contains some 
informative historical data. The second section describes concisely the more 
important breeds of sheep and illustrates them by numerous excellent photo¬ 
graphs of prize animals. The third section deals with the practical aspects of 
sheep management, mutton production, and wool production and sale, and is 
written in a thoroughly str^htforward and lucid manner by one who is 
well acquainted with his subject. The glossary in part four is very useful. 

The only criticism we feel called upon to make is that while some references 
are given as footnotes it would have added to the usefulness of the book to 
those who wish to go further into certain points if a literature list had been 
provided either at the end of the whole work or at the end of the various 
chapters. 

The book will be more pa^cularly useful to agricultural students in 
North America since it is principally concerned with conditions there. It is, 
however, by no means narrow in its outlook, and anyone concerned with sheep, 
student or breeder, cannot afford to neglect it wherever he may be. The 
more general parts and the accounts of tbe breeds are also of interest to tte 
general soolo^t, aiid it forms a handy book of reference on many points 
usually omitted from the ordinary zoological textbooks. 

C. H. O'D. 

Awfn^l 1^ of ills Osdsbsd Oavsm. By Vernon Bailbv. [Pp. xiii-f 
Z95, with 67 figures on plates.] (Baltimore: The WiUiama and 
Wilkins Co. Price 13^1. fid, net.) 

In the arid foothills of the Guadalupe Mountains in New Mexico a dozen 
or BO miles from the border of Texas are a number of canyons and caverns 
in the limestones of the Pecos River Valley. This region, with its characteristic 
vegetation of mesqiiite, ocotilla« sotol, yuccas and cacti, was, in the days 
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of Cotonado in 1540^ inhabited by the warlike Apache Indians, who were not 
finally driven from their cave strongholds until a little more than fifty years 
ago. Largest and most spectacular of these caverns is the one that takes 
ito name from the town of Carlsbad, twenty-six miles to the north-east of it. 
The lowest point of this cave is 700 feet below the entrance; the largest 
room is 450 feet wide and its ceiling 250 feet high. This passes on and 
gives rise to other rooms and passages whose total length is many miles and 
it takes days even to cover the explored and known ramifications. Thus 
it forms the most extensive cave system in North America. It has long 
been known as the home of vast fiocks of bats whose guano was dug out 
as a commercial undertaking and not until well over a hundred thousand 
tons had been removed did it cease to pay for working, 

Mr. Bailey of the United States Biological Survey has spent a great 
deal of time in and around the cave, and in the present volume gives a brief 
account of the cave and a mor^ extended one of the plants and mammals 
in it and the adjacent terrain. In spite of the arid nature of the surround¬ 
ings they arc wonderfully rich in animal life, as is evidenced by the fact that 
over fifty species of mammals are recorded therefrom. The life of the 
cavern is taken in its widest sense, for we have animals that live in the utter 
darkness of its recesses, those that live in the dim twilight near its entrance, 
those that habitually utilise the cavern mouths, those that resort to tlie 
caves in times of storm and stress, and those that are not strictly speaking 
cave dwellers or frequenters, but live in the parts immediately aidjacent 
and so could not be missed by visitors to the caves. 

The author is to be congratulated on the production of a book that can 
be read by layman and scientist alike with considerable pleasure and profit. 
It forms the third monograph issued by the American Society of Mamma- 
logists, a series that promises to become indispensable to all students of the 
ecology of mammals. It is a very interesting book, and the printing and 
Ulustrationa are worthy of praise as well as Ibe subject-matter. 

C. H. 0 *D. 

Birds of tbe Ooaon. By W. B. Alexander, M.A.(Camb.). [Pp, xxiii -f 428. 
With an Appendix and 88 illustrations fron^ photographs.] (New 
York and London : G. P. Putnam's Sons.) 

This is a handbook for the identification of the various species of sea birds 
which the ocean traveller is likely to meet from the North to the South 
Pole. The author, who has travelled widely in all tbe seas, has kept a care¬ 
fully compiled notebook and has embodied his data in this very convenient 
little volume, which can be carried in the ordinary coat pocket. He admits 
the difficulty in deciding which species should be included and which omitted 
and has done wj||K5ly in describing all the species of the families dealt with, 
whether they are likely to be seen at sea or not. After describing an adult 
specimen and giving the range and some notes about the different specif 
in the families which he has selected he gives an account of the North Atlantic 
and North Pacific Oceans, Tropical Seas and the Southern Oceans, and 
under each mentions the various species likely to be encountered out on the 
open sea and along the various coasts. 

At the end of the book, in an appendix, he gives a systematic list of the 
birds and a good index. 

There are some 88 plates of illustrations which the author must have 
been to great pains to select from the large number sent to him from various 
sources. They all admirably illustrate the text and assist the reader in his 
identification of the various species. They are about as good as could 
possibly be secured. The semi-diagrammatic sketches showing the colour¬ 
ing of the underparts of the birds on the wing will be found most useful, as 
is the only portion of the birds visible, very often, from board ship. 
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The author grateluDy acknowledges the assistance he has received trom 
various ornithologists and institutions in this country and America in com¬ 
piling this adxnirable little handbook. It is of a convenient sise, the printing 
U and the type conveniently large without making the volume too 

bulky, a mistake o^y too frequently made in compiling handbooks for 
travellers. 

1 can find no error of omission or commission, and can strongly recom¬ 
mend the ocean-traveller not to forget to include it in his kitbag. Whether 
interested in birds or not, the spotting of the difierent species seen from 
day to day will add to the interest of the voyage and help to relieve the 
tedium inseparable from long sea journeys. 

R. E. Drakb-Brockman. 


Boonomio Bidogy for Stadonii of Social Science. By Philippa C. Esdailb, 
D.Sc. Part I, [Pp, xv + 175, with 150 illustrations.] (London: 
University of London Press, 1927, Prict 75. 6 d, net.) 


Dr. Esdailb, as she justly claims in the preface, has filled a real want with 
this book. It is devoted to the minor horrors of peace and deals with 
them in a very coinprehensive and competent manner. The present 
volume is Part I, and is devoted to ** Harmful and Useful Animals,'* and is, 
therefore, not entirely confined to " horrors." Part II deals with " Animal 
and Vegetable Products." The subject-matter of Part I is arranged according 
to the system of classification of the animal kingdom ; seven of the fourteen 
chapters are devoted to insects and the remainder to protozoa, porifera, 
platyhelmia, arachnida, and one to " the general care of the person and the 
nouse." The examples are described with the aid of ample figures for identifi¬ 
cation and full details of life-histories are given as well as advice regarding the 
control of pests. There is an ample index and a glossary. The book may 
be warmly recommended to those to whom it is addressed : " health visitors^ 
sanitary inspectors, nurses, and institutional managers, as well as those who 
take a general interest in household matters." 


Xhe Biology of Inseoti. By G. H. Carpbktbr, D.Sc., Keeper of the Man¬ 
chester Museum, University of Manchester. [Pp. xv -|- 473, with 
16 plates and 88 text-figures.] (London ; Sidgwick & Jackson, Ltd., 
1928. Price 165. net.) 

Thb Biology of Insects is the latest addition to a valuable series of volumes, 
which is being brought out by Messrs. Sidgwick and Jackson under the general 
editorship of Prof. J. Arthur Thomson, dealing with the biology of various 
groups of animals and plants. 

In books on entomology two branches—structure and systematica—are 
usually 80 much emphasised that one is given the impression that entomology 
must be dull. This idea is so far-reaching that even among some zoologi^ 
there is a tendency, not without some justification, to regard entomologists 
as mere collectors and systematists. This volume should do a great de^ to 
alter this idea. 

Dr. Carpenter, having in his preface stated that the structural features of 
insects will only be described so far as is necessary for the proper under¬ 
standing of function and behaviour and that systematics will be discussed 
only in relation to jmblems of ecology and evolution, goes on to deal in 
fourteen chapters with the structure, feeding and breathing, movement, 
sensation ana reaction, behaviour, rep^uction, reproduction and heredity, 
growth, family life, social life, adaptations to haunts and seasons, classifica¬ 
tion, evolution, in^ts and other organisms, and finally insects and man. 
Throughout the book one is struck by the wealth of information that has been 
accumulated and the readable manner in which it is presented. 
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The cheptm on adaptations to haunts and seasons. Insects and other 
organisms and insects and man are particularly interesting and well thought 
out. Though there is no original matter, the writer brings his subject quite 
up to date and affords, by me^ of abundant citations, the opportunity to 
Icdlow up any particular Hne that may be required. There is a valuable list 
of references and an adequate index at the end of the volume. 

One minor criticism seems necessary. When dealing with galls formed 
on plants, Dr. Carpenter continually refers to ** gall-flies,** meaning ** gall- 
wasps/* It seems a pity that, in such a book as this meant for general readers, 
a popular misnomer is perpetuated and unwittingly endorsed with authority. 
One notices that the cockroachis never referred to as the ** black-beetle.** 
Otherwise the book is weU written and illustrated by means of numerous 
text-figures and plates. n p 3 

1!tal Book ot General Zoology* By W. C. Curtis and M. J. Guthrie. 
[Pp. 585, with 308 illustrations.] (New York : John Wiley & Sons, 
1927. Price x8s. fid.) 

The authors state, in the preface, that the essential feature of this book is 
that a limited number of animals are selected to illustrate certain biological 
principles and only incidentally as representative of particular phyla. That 
simple statement demands careful consideration. It shows that the authors 
are heretics so far as the old school of Zoology is concerned. It shows that 
they will approve no longer the system of teaching all zoology on a systematic 
basis, as has been done in the past. They have rebelled, and many zoologists 
in England and America are rebelling also. It is necessary, therefore, in 
reviewing their book, to inquire into this vexed question concerning the 
teaching of zoology. 

The issue is whether morphology should remain the chief subject in teach¬ 
ing zoology or whether it should faU back and be treated as co-equal with the 
newer branches, such as genetics, embryology, cytology and histology, ecolo^, 
comfwative physiology, etc. The problem has excited much discussion 
and is far from settl^. It is of considerable importance in so much as it 
involves a complete change in the system of teaching, with consequent altera¬ 
tion of the whole curriculum. Many zoologists areHn favour of retaining 
the old method, which is obviously the course of least resistance. Moreover, 
it is more easily adapted to the limitations of the teaching staff of any given 
institution. At present the other branches of zoology are fitted in to the 
morphological course wherever opportunity offers in connection with a suitable 
exaxxtple. This method enables a teacher who is, for example, well acquainted 
with genetics, but ignorant of embryology, to treat of the former at con¬ 
siderable len^ and to virtually ignore the latter. On the other hand, if 
morphology wasifelegated to a place of equality with the other branches, the 
course in 2 ^ 1 ogy would have to provide equally for them all. This method 
would ensure that students were well grounded in all the chief branches, but 
it would also make a heavier demand on the teaching staff, especially when 
SnsaQ. Many collies, owing to insufficient staff, could not meet this demand 
at present. 

Another advantage of the old method is the ease with which evolution 
can be taught with morphology. This consideration, perhaps more than any 
other, has bolstered up the old system. But it is fast declining now that 
genetics, etc., ecolo^, are of prime importance to the thwry of evolution, 
end eiti ma l embryology has become a very specialized subject. 

Tbmt can be no doubt, however, that the newer branches of zoology 
have attained which warrant their elevation to a position of 

with pure mor{diology. Moreover, they are advancing more rapidly. 
Added'to this the demand for m en qualified in any one of these branches ts 
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at test ai gireat as lor aystatiiatiats, and ia kicreaalng very dtuing tiie 
last five years. Sooner or later, the change must come when oymparative 
phyiiolo^ and ecology, genetics and cytology, embryology and histology, 
will be given as much attention as morphology in the zoological curriculum. 
When that is attained one branch will have to be chosen with (which the 
course can be begun, and to which the others can be linked up. Both habit 
and expediency will indicate that this subject should be morphology. 

The book under review marks a step in this direction, although we doubt 
if many institutions are ready at present to adopt it. It is well vrritten and 
contains many new illustrations, instead of the old ones which have been 
borrowed over and over again. We welcome it, as such, and recommend it to 
loologiMs. F, W. R. B. 

Vaitebnte Embiydogy: A Text Book tor CoUecoe and Uniyanitiei. By 

Waldo Shumway, Ph.D., Associate Professor of Zoology, University 
of Illinois. [Pp. 314, with 195 illustrations.] (New York: John 
Wiley & Sons, 1927. Price i8r. 6 d.) 

This book deals with the comparative embryology of Vertebrates, and is 
intended for the use of university students who are taking a practical course 
at the same time. In consequence four types have been chosen, which are 
suitable also for laboratory work : Amphioxus, the Frog, the Chick and Man 
(^pplemented in places by the pig). The book is divided into four sections. 
Tbe first and largest section deals with fertilisation, segmentation, germ- 
layer formation and the embryonic membranes. The second desds with 
organogenesis. The third is a descriptive account of sections of embryos, 
with numerous illustrations. This section is good, and we regret that more 
of the book has not been devoted to it. The fourth section is devoted to 
microscopic technique and is useful from the student's point of view. On the 
whole, the book is clearly written and well illustrated. The terms used are 
in many cases not those commonly employed in this coimtry, and theiliustra* 
tions are sometimes too diagrammatic. We think the b^k is fair, but 
do not feel as enthusiastic about it as the author appears to do from his 
preface. p ^ ^ 

Vhe Udogy of the Frog. By Samuel J. Holmes, Ph.D., Professor of 
Zoology in the University of California. Fourth Revised Edition. 
[Pp. 386, with frontispiece and X12 illustrations.] (New York: 
Macmillan Co., 1927.) 

Nearly a quarter of a century ago this book made its appearance. Siuoe 
then it has been widely used as a practical textbook on the frog. The new 
edition brings the book up to date, without damaging in any way its unity, 
spontaneity, or balance. It is a convenient, clear, and well-balanced book;, 
written and well illustrated. It deals in a simple, but remarkably 
thorough manner, with the anatomy and elementary physiology of the frog. 
It is, in the reviewer’s opinion, rendered especially valuable by the chapter, 
comprising about a tenth of the whole, on the habits and natural hiibory 
of the frog. Too often students of zoology study the structure and funetioa 
of an animal without gaining any insight into the intimate affairs of its e^reiy^ 
day life. They know it only as a subject for dissection or experiment in im 
laboratory, and not as one of the wild creatures of the countryside. tVk 
deficiency has been met by Prof. Holmes's intriguing account of tbe field 
natural history of the leopard frog (R. fnpiens) of North America. Aaother 
chapter is devoted to the development and embryology. Excellent blblio** 
graphies appended to each chapter render tbe book useful to those who fsqpSuy 
the frog for research purposes. B, 
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flOliqp Kofimiiit By J. Gray, M.A* [Pp. i6a» with Z05 figs.) (Cam- 
Mdga i at the Univergity Press, 1928* Price 105, 6i.) 

Tta publication of this book has been awaited with interest many biolo¬ 
gists. The subject of ciliary movement, although of obvious importance for 
vertebrate as well as invertebrate physiology, has been treated very inade¬ 
quately up to the present time. The lack of a monograph on the subject 
baa been felt for some time, and consequently the appearance of the present 
volume is opportune. The author has conducted an extensive series of 
researches into the subject and has embodied his results in a number of 
Mpers which have appeared in various journals, but chiefly in the Free, 
Koy. 5 oc., B., during the last eight years. The results are included in this 
monograph. 

The book deals with cilia from the ph3rsiological, rather than the morpho¬ 
logical, point of view. The text is divided into an Introduction and seven 
other chapters dealing with " The Movement of a Cilium," “ Ciliary Currents,*' 
" The Force Exerted and the Work done by Cilia," " The Relation of Ciliary 
Movement to Ionic Equilibria," " The Metabolism of Ciliated Cells and the 
Nature of the Ciliary Cycle," ''Metachronal Rhythm and Ciliary Control," 
and " The Distribution of Cilia and the Functions which they Perform." 
The titles outline the contents, which is presented in a clear and concise 
manner. The illustrations, chiefly diagrammatic, are well chosen and 
plentiful. Useful bibUographies are attached to each chapter and are 
included in an extensive bibliography at the end of the book. The book 
is intended for the serious student, and special care is taken to indicate 
where further research is required most urgently. It is essentially stimulating 
and should do much to encourage research in the subject. It enhances the 
series of manuals on Comparative Physiology of which it forms a part. 

F. W. R. B. 


Hanttng Under the Xicrosoope* By Sir Arthur E. Shiplby, G.B.E.. 
F.R.S., Master of Christ's College, Cambridge. Edited by C. F. A. 
Pantin, M.A. [I^. 184, with 34 figs.] (London: Ernest Benn, 
1928. Price 8s. 6 a,) 

It is a difi&cult and delicate task to review a posthumous work a short time 
after the author's death. The book is the man's monument. It would be 
desecration to abuse it, but to praise it is like writing an epitaph. The book 
in question merits the praise, although there is an editor on whom we could 
have heaped blame, were it called for. 

Hunting Under the Microscope is a charming book. It is written with 
the grace and wit which characterised its author and which have endeared 
bis writings to a large and growing circle of readers. The book consists of 
a series of essays on subjects ranging from " Suspended Animation " to " Sir 
Ronald Ross and the Blalaria Problem," but chiefly on micro-organisms such 
Its The Vtflvocinae," "Water Fleas," etc. These articles contain a wealth 
of matter presented in a very entertaining and readable manner. Sir 
Arthur Shipley had that rare ^ of imparimg the glamour of the frip^- 
tale to scientinc facts and theones. He possessed, also, a wonderful facility 
lor driving home his point with one or two short, forceful phrases. For 
Ihstance, when explainmg the origin of body and germ plasm as illustmted 
in Volvox, he writes in this book: " The nutritive cells die after a time: 
they form a mortal body—something to make a corpse of." Can anything 
more be said ? Could anyone who read that ever forget his meai^g ? 

The book is written chiefly for the amateur, to encour^e Ito to explore 
through the microscope the world of things that live in his water-butt. 
Bnt the cloring chapter, being a review of Sir Ronald Ross's Memoirs, points 
thn Mth to greater things. Shipley shows in that chapter the simple steps 
wUmi led to t^ conquest of malaria. 
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•r 

Mr. Pantfai is to be oomplime&ted on tbe editing of tbe book. We 
recommend it to anyone who is interested, or who wishes to be interested, 
in the living world around him. 

F. W. R. B. 


MZSOBUJLinOVB 

Harriscm of Ightham. By Sir E. R. Harrison. [Pp. ii + 395* with plates.]" 
(London: Oxford University Press, 1928. Price 155.) 

This is made up principally from Benjamin Harrison's notebooks and 
the letters which he received and sent. Harrison was bom at Ightham in 
Kent in 1837, and during the many years that he lived and laboured there was 
known as an ardent archaeologist and an authority on the flint implements 
which he discovered in the village and the surrounding country. 

Despite the fact that for the greater part of his hfe he had to keep a 
country general shop to maintain himself, his wife and children, the many 
disadvantages of lack of education (he left school when he was fourteen), 
the lack of money, books, and time for his archaDological Acid-work, ho was 
able to contribute much that was of scicntiAc value to his era. 

He wiU be principally remembered amongst archaeologists for the position 
which he took up on the vexed question of the Eoliths. Following Sir 
Joseph Prestwich he asserted that the eolithic implements which he had found 
in the tertiary gravels arotmd Ightham were of human manufacture. This 
was disputed at the time and has ever since been a question of much con<* 
troversy. 

The eolithic implements were exhibited at the Anthropological Insti¬ 
tute in 1891, at the Royal Society's rooms in 1895, and at the meeting of 
the British Association for the Advancement of Science held at Dover in 
1899. 

In 1895 the Geological Society made Hamson a monetary grant, which 
was followed in 1899 by an annuity from the Royal Society, and later by a 
grant from Ibe Crown which was subsequently increased, and in this fashion 
he was able, during the later years of his life, to devote himself exclusively * 
to archaeology. He died in 1921, aged eighty-four. 

The book is admirably got up ; the type excellent, paper thick and 
opa<][U6, the illustrations clear and of good quality; .altogether, both in 
subject matter and form, a book worthy of the best tr^tions of the Oxford 
University Press. 

L. J. P. G. 

The Stone Age* By £. G. Jambs, Ph.D., F. 5 .A. [Pp. viii + 202, with 38 
illustrations.] (London : Sheldon Press, 1927. Price 3^. 6 d. net.) 

In writing popular summaries of what is known of man's earlier history the 
great danger is romancing. The writer may think that the narrative will 
be far more attractive if he Alls in the gaps and rounds ofli the story. It may 
be permissible to do that if the reader is able to distinguish between the parts 
which are baaed on facts and those which are purely speculative, but no 
sharp division—if any division at all—is usually made between the fruits of 
empmdsm and ima^ation. Of the many elementary accounts of man's 
prehistoric past which have been published within recent years this book 
Mpears to be the one which has kept most within the bounds of the known. 
Inough greatly simplified, its form is similar to that of the manuals dealing 
with the subject winch have been written by several recognised authorities* 
The writer e^ently derived his material not from those manuals, but from 
the original researches, and he has himself contributed to them and viaiM 
the most important sites in Western Europe. He says that he endeavoured 
to concentrate on evidence rather than interpretation, and the story diesdd 



SINEWS m 

1m mnam Urn Vm toeiMtifig to tho general reader on that aoeotmt* The 
entile $tone Age is dealt with. No previous knowledge of the subject is 
assumed and the book is well adapted lor use in schools, since it outlines 
both methods and results. There are numerous line figures, three charts 
showing the succession of various periods, and select bibliographies appended 
to each chapter. 

fSagnenosr Curves and Oorrdation, By W. Paun Eldbrton. Second 
edition. [Pp. vii+ 239.] (London: Charles and Edwin La3rton, 1927. 
Price i$s. net.) 

Th» appearance of a second edition (1927) after an interval of twenty-one 
years gives the reader an opportunity of 8urve3dng the progress in methods 
and ideas which has been accomplished at least in one comer of statistical 
science. Mr. £lderton*8 book was from the first of a very special character. 
Xt was written specially for actuaries who were unfamihm: with the general 
development bt statistical theory, by a distinguished actuary who had 
made himself familiar with the new and promising work of Prof. K. 
Pearson. It was special, therefore, not only in the class of readers for which 
it was intended, but in the source from which the methods were drawn. 
It would have seemed captious in 1906 to criticise first edition, on the 
ground that this source had been drawn upon uncritically, and that in the 
wholesale importation of methods develoj^ in a difierent branch of the 
subject, there was likely to be much unsuitable to actuarial needs, or even 
fundamentally wrong in itself. Yet at the present time such a criticism 
caxmot be avoided. 

Xt has been known since 1921 that the method of moments is only 
efficient, in fitting curves of the Pearsonian system, in the immediate neigh- 
bourhoc^ of the normal distribution. Several of the distributions chosen 
as examples in the first edition deviated extremely from the normal form, 
and must have been very badly fitted. Yet, in the new edition the word 
efficiency does not appear in the index, and the same examples are used 
in the text. 

• The only example in the original chapter on Goodness of Fit was un¬ 
fortunate in that, instead of illustrating the comparison between a series 
of observed frequencies and the corresponding senes or theoretical expecta¬ 
tions, the comparison is made between two series of percentages, based 
upon unspecified numbers of observations. This unlucky example is retained, 
save for a numerical correction. It gives a value of P exceeding o*99» thus 
making the fit too good to be true." 

In the absence of any improvement in the efficiency of the methods of 
fitting# it would be too much to expect that the treatment of Goodness of 
Fit would have bwn adequately overhauled, for it has been demonstrated 
that with inefficififtt fitting the test of goodness of fit itself, as is but natural, 
bacoiiies invalid. An addition of about a page has, however, been ma^ 
to the chapter, in order to discuss the efiect of the number of degrees of 
fmedom abmrbed in the process of fitting. The plea is put forward (p. 194) 
that ** a departure from the ordinary application of the formula is likely to 
la^dr to comusion." The number 01 degrees of freedom appears now to be 
taken into account even by the staunchest original opponents of the new 
tbec3fry, and we must doubt if Mr. Elderton has succeeded in keeping abreast 
of the ** ordinary " application of the formuLc. In quoting the high values 
lonnd for the goodness of fit of his own examples of fitting, without men¬ 
tioning tihat by more recent tests the fits are in some cases, if not in ail, 
entim^y unsatislactory, the author is open to grave criticism. 

A valuable change has been introduce in the numbing of the Types 
ol the Pbmnonian system of curves. In the original edition Type VII was 
and its number was given to the normal curve of error ; the incon- 

n 
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«it8BflvwiapBUMii%im9»IKiit«aiue4lMpKkli^ teiacwpt wnMMt 
of coalmioB^ Xa a«w edttioa tbs aoRBal «wrv« k twmamosrsd, tad 
ipscs is given for tViw Vll, but with ohly a dummy enuB^s. 

It is much to be legistted that the author did not find it possible to 
carry out a th(»ongh and critical revision of the whole work, for ue me^od 
of rnesenting fully worked examples is excellent, and in the modem growth 
of interest in mathmnatical statMtics, there is room for a book on the Ptar< 
soniaa system of curves. a ptsmiL 


Man Bksi to PamMSOs. By Hbmky FAiitnxLo Osborn. [Fp. xix + siy. 

witb frontispiece and 83 figures.] (Princeton University Press, 19*7. 

Price IIS. 6 a. net.) 

It has become the custom for the publisher to utilise the paper cover of 
a bound technical book by printing on it a preface of bk own which sets 
forth the peculiar merits of the new work. On this wrapper it is said previous 
investigations have been " directed mainly to the anatomical characters of 
fossil man, but here the author chiefly stresses not these anatomical characters 
per se, but their bearing on our knowledge of the development of tito 
and spirit of niw." Numerous accounts have been wrnten within recent 
yaaxa sum m a r isi ng what is at present known of man's prehistoric past, uid 
Prof. Osborn's Men of the Old Stone Age is one of the best known. Mart 
Rises to Pamasstu purports to be a sequel to such manuals since, in the author's 
own words, “ these lectures concern chiefly the higher faculties of man." 
They are a reply to those Fundamentalists 1^0 have been attacking recently 
all who profess to believe in human evolution. The reader is thus led to 
aoticipato that some original deductions have been drawn from the re* 
searches of prehistoric archaeologists. 

A prolo^e, entitled "The Greeks foresee the gradual rise of man," 
discusses those theories of human origins which may be found in classical 
writings, and particc^ly in the p]a3r8 of .Sschylus. The discoveries of Mr. 
Beid Moir are described in some detail, and Prof. Osbom declaues 
a believer in Eoliths, after having personally tMtaminivi the evidence. Tbe 
Piltdown remains are also fully discussed, though not from any new p oiut of 
view. A closer approach to the information from which me ntal characteristics 
may be inferred Is made when dealing with Upper PaUeolithic Himw, but 
little is said of the intentional burials of the Moustierian epoch. ItkSuppoB^ 
that "the cave>dwelling period . . . was of ini?a i cuVM e in 

fostering the qniitnal, artistic, and imaginative side of Stone Age life." but 
there k no evidence that a spelean existence of long duratirm had any ■"«‘b 
efiect on Neanderthal man. The remarkable artktic xelics of Autigaaclaa 
times are so mature that it k hardly possible to believe that t bW were not 
preceded by cruder attempts which have not yet been discovered. Tbs 
mental characten of which they bear witness must be supposed to have 
been essentially associated with racial peculiaiitiea. Inteiusting aocouals 
are givwi of the author's visits to some of the more 
paintings and etdiings preserved in French caves. Though no k 

made to outline the whole stoiy, the later lectures deal with various 
relating to late prehistoric tunes, such as the chronological systems of B* 
Geer and MonteUns, the Can^pigaiaa flint industry, the an^ of "our 
anceston " la Scandinavia, and the megalithic monuments of Biittkw, 
Equally removed from psychological questions are the roecnlations oan* 
ceming the hypotbesk that man t^inated in Central Ask. A plea k 
lor eugenic ooatnd which would ensure the future sroneas « humanltVi 
Thk conmiktion of facta and theories wfll doubtless beread with pkMNte 
by both toe speckhst and the geswral reader, but the present wxitertt^ 
COI^ to being qidte uaabk to amaeciate why the book should be supposeA 
to be concerned chiefly with the higher faculties of man. ^ 
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Wm M IMUm. In Jbmma to % Eocumthml ani Pnidantiflc 

ifrittoftlr Buiittio tUgimo Md aottUad Kaii not a MaaMiit.*^ 

By JOiBm IAukdAau, Psyche Miniatures, No iz (pp. txi)* 
(London : Kegan Paul, Tranch, Trtibner Sc Co., 1927 Price zs, 6d. 
net.) 

Heub we have presented once more the old problem which has ever puzzled 
men's brains and of which under the guise of Free Will or Dciernunism, 
Mahnonides writes, *' Know ye that with regard to the discussions of this 
problem the measure thereof is long^ than the earth and broader than the 
sea."' The author is led to present the problem anew from the fact that 
this century finds us with a growing number of adherents to the view that 
** mechanism an3rwhere outsideph3r8icsand chemistry ought to be abandoned", 
the immediate stimulus to the work, however, was the appearance of the 
treatise by Rignano mentioned in the title. 

Brief glances at the historical aspect of the question are scattered through¬ 
out the volume: they are well chosen and provide delightful reading, 
but the little-known treatise published by la Mettrie in Leyden in 1748, 
firom which the title of the present volume is taken, is described in more 
4etail with interesting biographical comments on its writer. 

The author is evidently an ardent scientist who will allow and encourage 
mystics and philosophers to dream their dreams and present j^sible alter¬ 
native truths, so long as they do not fall into the error of describing them as 
scienrific truths. He presses forward the view, commonly accepted in 
theory and transgressed too often in practice, that science can deal only 
with what it can observe and measure or weigh, and that all scientific know¬ 
ledge must be based on observational methods. He glories in the achieve¬ 
ments of science, and provides a number of eitamples culled from his intimate 
knowledge of modem biological or biochemical research illustrating the 
mechanisric theory of life, many of which will be found lUuminatmg to the 
iwader who is without a specialised knowledge of the work which is going 
forward in those fields. 

This little volume may be heartily recommended to anyone who likes to 
bo set thinking. ^ 

A liirm ol the Sodil Stmotaiu of Eaglaiid and Wiles as Dloitrated by 
Staiisttos. By A. M. Carr-Saondbrs and D. Caradog Jones 
(Pp. xi -I- 246.] (London: Oxford University Press, 1927. Price 
xos. net.) 

TBis relatively small volume of 246 pages contains twenty chapters, the 
first five of which give information conceralng the Population of the Country 
with regard to age. sex, marriage, housing, distribution, classification by 
jb^ustxy and claasmcation by occupation. There follow chapters on indus¬ 
trial otatus and social class, on occupational and other associations, on 
tlm imtkiul income and national wealth, on education, entrance into 
(peoi^tions, state and voluntary provision against misfortune, compulsory 
and vbhmtary transfer from nch to poor, and poverty. Three further 
chapters dnsl, in forty-four pages only, with crime, intom qualities, and the 
tectaltmeiit cd rim population* On reading of so ambitious a scheme carried 
Ottt in so small a compass, one can only look for a bare summary of facts, 
CcUected in a readily accessible form, which may prove of considerable value 
ns n reference voluine to the studemt in economics, the social worker, the 
y / ‘ and perhaps a wider public. After examination of the contents 
to «• that the book has this definite use, though we read in the 
that it is not primarily intended to fulfil this function. 

It la andodbtedfy of vune to have statistics obtainable from the census, 
ail^pahatad by connected with a view to the investigation of special 
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problems coocemiiiK social wsUare pobUsJMi in one volume, and thm (at 
we congratulate the authors and commend their scheme. We venture 
the opinion, however, that certain sections, notably the chapters on crime* 
inborn qualities, and recruitment of the population, had better have been 
omitted or much more fully discussed. Much work has been done on these 
subjects, and so slender a treatment of them may serve to mislead the un*» 
informed seeker after information: one is tempted to wonder whether 
the authors are fully aware of the complexity of these problems ; have they 
ever themselves attempted to collect information or analyse it with a view to 
testing the relative strengths of nature and nurture ? Have they studied 
any of the elaborate researches which have been carried out on that point ? 
Have they read any of the earber work that has been done on the question 
of the selective birth-rate, or even the results of correlating the size of family 
with social status ? Do they know of the determination made some years 
back of the proportion of the population which provides the members consti¬ 
tuting the next generation ? Have they ever worked out pedigrees of disease 
or anomaly and grasped the significance from their point of view of the trans¬ 
mission of defect by members of affected stocks who are not themselves 
possessed of a patent defect but carry it in a latent form ? Surelv. had they 
studied these things more intimately they would have taken their oppor¬ 
tunity of stressing more forcibly overwhelming importance of good 
parentage. 

These chapters contain certain tables which are of interest, but when one 
recalls the many contributing factors one fears lest too much significance 
shall be attached to simple percentages such as are here provided. 

Oonumon Prindples In Psychology and Physiology. By John T. McCurdy. 

[Pp. xvii + 284.] (Cambridge: at the University Press. 1928. 

Price 155. net.) 

Wb read on the cover of this volume " This book is an attempt to bridge 
the gap between body and mind, between structure and function. The 
author^s claim is that the chasm between Psychology and Physiology is 
an artificial one which has resulted from a materialistic bias in the s^dy 
of Physiology; but if one assumes that bodily processes follow functional 
and not physico-chemical laws then it may be shown that these laws are 
common to both Psychology and Physiology and structure becomes merely a 
medium of expression for function/' Kow all will agree that the chasm 
between Psychology and Physiology is an artificial one. many will quarrel 
with the view that the error lies in the materialistic bias of the Physiologists. 

It is a surprising fact that there has never been an adequate effort to 
obtain any measure of the association between mental and bodily states, 
though Darwin's work on the Expi^ion of the Emotion might raulily 
have led to such investigation ; the single example we can recall to mind at 
the moment, though there are doubtless others, is that of Davy, who describes 
in 1863 how he measured the effect of mental effort on his body temperature. 

It is of interest to recall in this connection the sayings of Spinoza on the 
interdependence of mind and body. " Every manifestation of either is but 
a manifestation of the other seen under a different aspect. Man's 
is the idea of man's body, the consciousness of bodily states. Now bodify 
states are the result not <^y of the body itself but also of all things affecting 
the body; hence the human mind UkoB cognizance not only of the human 
body but also of the external amid in so far as it affects the human body. 
Its capacity lor varied perceptions is in proportion to the body's oapaciQr 
for receiving impressfons.'^ Prof. McCurdy, on the other hand, writes: 

The prindples which I detect and hope to demonstrate as common to 
rnenml behaviour of various types and to the physiology of the nervotli 
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system ere immatiwial agencies. ... I propose to assume that immaterial 
agencies, whicb 1 call patterns, do guide and in that sense control the physico* 
cnemical processes involved in aU living.’* His patterns represent pro* 
perties and relationships, and are pure abstractions which, however, ^ve 
some kind of existence apart from the material phenomena which they 
control." Science will assuredly rear its head at such statements in the 
preface and may perhaps set out to criticise in a hostile spirit; but the 
Dook is a delightful volume, full of the most arresting observations and deduc* 
taons, and he who sets out to criticise will surely be content on a hrst reading 
merely to enjoy. If it be necessary to make a decision on the worth of the 
suggestions and the validity of the arguments more than a single reading wilt 
be needful. The author makes an appeal for more recognition and considera¬ 
tion of the part played by the exercise of function in the evolution of specialised 
Structure ; this section of the work raises far-reaching questions of philosophy 
and metaphysics, and is amongst the most interesting parts of the volume. 

It is perhaps hardly fair to quarrel with statements made in the last 
chapter which are admittedly only tentative suggestions on the part of the 
author in a held which is not his own. but we must express some disagreement 
with the following : "If a society becomes too homogeneous it dies. Thus 
the city-state of ancient Greece lost in adaptability as it gained in intellectual 
and artistic glory: so it died. . . . Specialisation means sterility, so the 
* upper * classes arc bound to be less fecund than the lower ones. ... If the 
group is to be viewed as an organism, the upper classes are the head and the 
lower the lx>dy, so more stupid people function as the generative organs— 
and the eye cannot say to the hand, I have no need of thee. . . . Ardent 
reformers would have us dispense with the feeble-minded, not merely with 
the idiots and imbeciles . . . but also with those who do not attain mental 
age of more than nine or ten years. Yet the stupid peasant woman is the 
mother of the race, and always will be. Elimmate her and an over-specialised, 
moribund race will result. The folly of modem society hes not in allowing 
stupid people to breed, but in putting into their hands responsibilities for 
which they are unfit," 

Surely these statements arc full of error, and we hope that some strong 
eugenist will convince the author of the fact. All we can do here is to express 
warm appreciation and indebtedness to Prof. MacCurdy for the interest and 
pleasure derived from a first reading of his work. 

^10* 


Hiitolagical Teobnlqae; A Chiide for use In g Laboratory Course in Histology. 

By B. F. Kingsbuuy, Ph.D.. M.D., and O. A. Johannsen, Ph.D. 
ri^. 142, with x6 figures.] (New York; John Wiley 6 c Sons, 1927. 
Price 

An lutiodnetion to the Teohalque ol Seetion-outting. From the notes of the 
late Mr, Pbtxr Jamieson, edited by Frances M. Ballantyne, 
MA. [Pp. go, with XI figures.] (Edinburgh : E. & S. Livingstone, 
X928. Price 35.) 

Neither of these booiu, as their titles imply, aims at supplanting the larger 
teaetbooka of Microscopical Technique. The former is suitable for teachers 
and tesearch workers who are called upon to prepare microscopical secUons, 
but who do not need the more complicated and specialised techni^^ 
inquired for exact cytological, histological, or embryological research. The 
book is also to be recommended for the use of senior students. It contains a 
clear and concise account of the principles of sectioning and staining, togeth^ 
wltSi particulars of most of the better-known methods. The authors are to be 
congratulated on producing a book which should be useful to many biologists 
and will supply a need that has been felt by many. 
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tbe mteooA book I* won ote me nt tr y aq<| sttos At giviog b Abaplo aooqo# 
of A staodaid metbod of fixing, cutting, and staining sectiotts, as #011 as btiaf 
descriptions of a very few optional fixatives and stains. It contains many 
useful bints for the beginner. This book can be thoroughly nconunanded 
to students and others who are wrestling with the intricacies of microscopical 
technique for the first time. F. W. R. B. 

ToiUneB 4 Tagenr. By Professor G. Bbixuzzo, translated from Italian 
to French 1 ^ J. Chbvribr. [Vol. I, pp. 367, with afio illustrations 
and 2 charts. Price 60 francs, Vol. II. pp. 596. vrith 490 illustrations. 
Price 80 francs.] (Paris: Ganthier-VUlm ft Cie., 1927.) 

Tbb translation of an Italian technical book into French is considerably 
easier tiian into English as no numerical alterations have to be made due 
to difierent units being used. The present work, from a second edition in 
Italian, is apparently a third edition In French. It is obvious from this that 
the work hu lost nothing of its value in the course of translation. A trans¬ 
lator of a foreign book rarely earns the credit due lor the labour Involved, 
as the author’s name is always associated with the tmct. M. Cbevrier is to be 
congratulated on his share of the work. 

The first of the two volumes deals chiefly witii the theory of steam-flow 
and opens with a chapter on the properties of steam. This can only be 
described as disappointing to Engluh engineers, as it ignores the work of 
Callen(hu:, whose results are based on most careful experiments. 

Whilst giving a clear statement of the earlier nozzle tests of Christlein, 
Briling, etc., the author had probably written the text too early to inclnde 
much of the investigations of nozzle-flow carried out in this country by the 
Institution of Mechanical Engineers. As the date of the original text is not 
given, it is impossible to fix exactly the dale of publication, but from certain 
references it can be inferred that the original is not more than five years old. 

One cannot help being struck by the implicit faith the author has in 
mathematical deductions. This procedure would hardly be acceptable to 
British students, who prefer a physical explanation of a phenomenon b^ire 
deriving an equation to represent it. 

Throughout the text is a useful series of worked examples explaining 
the application of the theory. An example of this type would have aasistea 
in the explanation of the question of undercooling of steam, a phraomemm 
which the author apparently accepts as a fact. Here, he gives a physiosl 
explanation, but it is not in agreement witii that nsnally adopted in this 
country. 

The second volume is mainly descriptive and is clearly set out. It coven 
both complete machines and details, and one can judge easily that the author 
has a wide experience of actual desiigiing. The reviewer feels that he 
help taking exertion to the statement that the LjungstrSm turblaes an 
no kmger built on account of their high cost. This is not true in Enj^and, 
where this type has been manufactured since 1913, the reviewee having 
designed some fifty of these sets. The seCtmd volume in particular should ns 
of service to designera and students in putting before them the subject fton 
another aspect and showing them the trend of thoniht among Italiaa tiUhbia 
•nginaata. B. Lloyd Evant. 

Btndtty wd HniaaB Aflafa s . By Edward M. East, Professor in HArvwd 
University. [Pp. viii + 324,] (Hew York and London: Charles 
Scribner’s Sons, 2937* nk* i 6 s, net.) 

In the second chapter of bo(dc the anthor states his puposa in writitif it. 
which is to consider '* the new oriantsti«2 that genetics gives to soms «( 
the prMdems of social science, tridch are, of course, the probtems of evssy* 
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Prof. Eint cxmafdoti tb&t withcmt some knowledge of hexedity, 
li impdisibie to dedde Intelligently qnestions relating to marriage and 
dlwroe^ to education, to immigration and to public health, and that a 
knowledge of genetics is requind by lawyer, minister, and ph3r8ician, and 
he states that the establishment of the theory of evolution in 1850, though 
it had no utilitarian application, induenced the entire current of human 
thought more profoundly than any other scientific pronouncement has done. 

The author is a firm believer in the Mendelian theory of inheritance 
in its latest developments and gives clearly and briefly the main conclusions 
reached hy workers in that field, but he also accepts the work of the biometric 
school. From the chapters on the machinery and grammar of heredity 
Prof. East passes to the inheritance of human traits, and to a discussion 
of the inheritance of acquired characters; he accepts the possibility that 
the germ-plasm might be modified to a cerl^ extent, but refects the theory 
that ** adaptations to conditions exhibited in various degrees 1^ all organisms 
imprett the germ-cells in such a manner as to make evolution proceed in the 
dimtion of these adaptations ; we may regret that efiorts to educate 
the young will not make the race inherently more teachable, but rejoice 
that the terrible experiences of man in the past have not left ineradicable 
marks. 

The view taken of the parts played by heredity and environment may be 
given in the author's own words : Heredity is the exposed film, environ¬ 
ment the developer," and he deals later with the subject in Chapters X 
and XI, entitled Some Specific Race Problems " and " Genius, Mediocrity, 
and Education ": he scorns the idea that the air of a count^ can make 
a people great, whatever their natural endowments, and criticises the con¬ 
clusions reached by Boas on the changes in cephalic indices among descendants 
of immigrants. He considers that mental characters have been proved to 
be inhentod to the same degree and in the same way as physical characters ; 
environment may determine the group of faults to be studied, the difierent 
musdes to be developed, but that is all. " If the infant Newton had been 
cast among Hottentots, he would have announced no law of motion; 
but he would certainly have shown himself to be the outstanding thinker 
of his homeland in some way or other." We are glad to see pointed out 
the fallacy in the argument that ability cannot be^ inherited because the 
absolute number of geniuses from mediocre families uhhigh; it will be high 
since mediocrity is plentiful, but high grade families will produce, on the 
average, many more worthy members than mediocre families. 

In a chapter on the marriage of near kin the conclusion is reached that 
the appearance of undesirable characters In the ofispring of normal in- 
dlividuw who are of near kin, is due to the presence of those characters 
in the stock, and that, in general, cousin marriages are undesirable since 
objectionable recessive traits are common in the race. The author holds 
ihiU *' the tmitthoi family trees " should be scrupulously examined in direct 
iSvi collateral lines withm four generations and if certain abnormalities are 
lonndlheinojectedtzuuriiageisinadvi^ , 

Prof. East regards Ihe problem of racial development and difierentiation 
a| Amdamentally a genetic problem, and considers that serious students of 
anthtopedogy must accept that fact; he objects to theory ^t manw 
ahQity depmida on the sire of a man's skull, and rejects the idea that m 
stempng out the degenerate and unfit genius may also disappear; he points 
imt &at there is no evidence that the parents of geniuses m more often 
i^belancad than the parents oi the mediocre or that the genius is ix^clmed 
to be a neuropath. We do not think that Prof. East (insiders that 
when an iatelUaetioe auotient" has been calculated the final wora 
im been said Mto^h^lligence of an individual, but he ^ts out that 
dhmpn with the bli^iest toteiOigence quotients axe physically normal, in 
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if anytibiziig, above ^ avmge* luud that d eB ii q iieocy and asrti- 
aodUd bebavJonr are practically absent in this group of omldren. There is 
a plea for greater freedom in education^ and a protest against the time 
and energy spent on teaching the feeble-minded to read simple words, which 
erudition presumably costs about a thousand dollars a tetter.*' We are 
not sure that Prof. East does not underestimate the advantage that 
would result from preventing the lowest grade defectives from having 
oftepring; normals may breed defectives, but not in such numbers as defec¬ 
tives bie^ defectives. We fear that the psychologists and psychiatrists of 
to-day are not all so permeated with biological conceptions that they can 
be trusted to lead invariably in the right direction. 

The differential birth-rate is considered and some account given of 
the work done in England. France, and the United States, which has shown 
that the reproductivity of those who stand out above the herd in economic 
worth, etc., is low compared with those at the other end of the scale. 

In dealing with immigration into the United States, though the arguments, 
we hold, will apply to any country, it is pointed out that the immigrants of 
to-day are in too great a proportion the least intelligent of their nations; 
that except in rare cases, it is the inferior who are forced by economic pressure 
to go to some other country for a means of livelihood, and that it is a serious 
matter for any nation to add these people to their number. There is a plea 
for the study of all so-called reforms from the standpoint of their biological 
soundness, for the reduction of the survival of the unfit, and the author 
considers that the Galtonian idea of race betterment through conscious 
selection as a sort of religious tenet is the only true conception of the race 
question." 

We can heartily recommend this book, which is written in an interesting 
and entertaining style; it seems to us one that should appeal to the great 
number of persons interested in " human affairs " but who are really ignorant 
of the difficulties to be faced in dealmg with social problems, and who, 
through its pages, might be induced to consider more problems from the 
biological standpoint. The need of a book of this type which will appeal to 
the non-scientific reader is ve^ great, and for this reason we venture to tldnk 
that the first chapter is a mistake; we admit its logical necessity, but fear 
it may be a stumbling-block in the way of many who would be interested in 
the remainder of the book, and for whom its lessons would be most salutary. 


Tlw Bate IMof. By Rayuono Pbaki,. [Pp. 185.] (London: Uni* 
versity of London Press, 1928. Price 10s. 6 d. net.) 

Im this book Prof. Pearl brills together in a concise form the resnlts of a 
series of eneriments, carried out in the Institute of Biological Research d 
rile Johns Hcmldns University, in regard to the duration of life of the fly 
Drosophila nmanogastor in its wild and vestigial forms and of the plant 
Cueumis mslo. Life-tables are constructed for fly populations maintained la 
standard bottles under uniform conditions, and it is shown that, from a sero 
point which is the moment of emergence from the pupal stage, the life-curves 
obtained for the normal wild type resemble very closely those of human being* 
starting from the age of minimal mortality rate as sero point when the scam 
of time ate made to ccoiemond. For the vestigial type, the curves are quite 
difierent in form and the duration of life is also less than half that of the wild 
t3rpe. Under certain densities of population, however, the form of oorv* 
for rite wild type approaches to that of the vestigial, and the effect of densi'l^ 
of population on the hfo duration is studied from the results of a series « 
parallel esperiments at different densities. 

The author then develops the conception of " inherent vitality, * wfaiob 
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tie olefines a« the total capacity of an organism to perform vital acticms in 
the complete absence of matter or energy of exogenous derivation/' When 
the files of normal wild type are k^t under conditions of complete starvation^ 
the form of the life^urve on a relative scale is found to remain unchanged, 
although the mean duration of life is of course decreased. Moreover, imder 
these conditions differences of density produce no effect in either type and 
the life-curves of the two types become substantiaUy identical in form and 
duration. From this Prof. Pearl concludes that the two types have 
approximately the same inherent vitality, but under food conditions which 
are adequate for the wild type flies the potential capacity of the vestigials 
in inherent vitality is only able to come to less than half its complete ex¬ 
pression. 

From experiments on the growth of canteloup seedlings under ** starva¬ 
tion " conditions, the further result is derived that rate of growth and duration 
of life are negatively correlated, and from this the general conclusion is drawn 
that the duration of life varies inversely as the rate of energy expenditure 
during its continuance, or '' in short, the length of life depends inversely on 
the rate of living/' 

The experimental work on which Prof. Pearl's book is founded is 
undoubtedly of a high order both as regards the planning of the experi¬ 
ments and the technique, and the clarity with which the results are 
presented is also beyond criticism. But it is in the combination of these 
very qualities, description of an experimental technique which inspires 
confldence and an unusual lucidity of explanation, a combination which 
characterises most of Prof Pearl's writings, that a real danger lurks, for 
the reader flnds himself carried forward to conclusions without perceiving that 
between the experiments and the conclusions he has traversed unnoticed a 
region of conjecture which very often will not bear critical examination. 
That is 80 in this book in regard to two of the author's most outstanding 
conclusions, which are already bemg spoken of in some quarters as established 
facts. 

The first of these is the conception that there exists an optimal density 
of population for each type of organism under given conditions. We are 
becoming accustpined to discussions on what constitutes the optimal density 
for human populations, but in this case it is generally the optimum of social 
well-being rather than of life duration which is meant. But the evidence for 
the existence of an optimal population as regards life duration is extremely 
elender. It needs no experimental work to elicit the fact that when the 
density of any population of living things whatever passes a certain point 
their average duration of life must decrease. Neither would it be surprising 
if in an organism such as the fly, in which reproductive processes form a large 
I>art of normal life, the compulsory cessation of such processes by isolation 
of ainglie individuals should also decrease the mean duration of life. Whether 
we were to attritkite this to a direct physiological effect or to mere boredom 
would matter little, but it is perhaps pertinent to remark that the English 
Ufe Tables for xgax show that at all ages widowed women have a considerably 
smaller expectation of life than married women, a phenomenon which seems 
too pronounced to be explicable by selection. At any rate, in any experi- 
ment on flies which involves some segregation of the sexes, a shortening of 
average life duration may well be expected, and if one fly, or two or three 
of the same sex, are kept in a bottle, it is not remarkable if their life duration 
is shorter than at higiier densities where both sexes are present. A littte 
ealoidation shows that this may be the sole explanation of the initial rise in 
the Ufe-duration curve with increasing density of population (Fig. xa)* 
Xn the experiments 13,000 flies were divided among 530 one-ounce vials in 
SO different densities, running as follows: a, 4, 6, 8, 10, la, 15, 20, 23, 35, 
45 f JS# 73 » flS# 93 # X05, XS5, X30, aoo flies per bottle. In each.bottle was 
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put «t tito tfaMTt M aimbw toafe aod Imaafc ilM « 4 (p* 4)^)^ 

and tiba ramlts «ta ahowti la Tal^ XIX. At tbe initial dmity of a tboiaaiii 
dtttatim of life was 27*31 ± *56 daya with a standard dsi^tion of 14*47 
dkys ; at initial density of 4 it was 29*32 ± *60, at 6 in was 34*45 db *65, and 
at 8 34*20 ± * 6 x days, and from that point onwards the dorations at jro, 
J2, 15, 20, 25, 35, and 45 were 36*22, 34*31, 37*92, 37*07, 37*47, 39*43, and 
37*46 respectively, with probable errors about *6. At an initial density of 55 
the mean duration was 40.04 ± .53 and then progre^ively declined. These 
figures form the basis for the conception of an *' optimal density/* 

Now it can be shown that if for simplicity we assume normal distributions 
of lifo duration in dies (though in reality the distributionB are rather skew) 
and a random selection of pairs, the mean difference between the life dura¬ 
tions of pairs will be days; hence since the standard deviation for 

single pairs is 14*47 days, one fiy out of a pair will survive the other by 16*3 
days on the averse. let u$ suppose that when left to survive alone the 
duration of life remaining is shortened to p times its value normally at that 
age. Then if and Xi ^ the life durations of the individuals in the pair, x^ 
bdng the greater, the mean total life duration of a group of N pairs 
in the vials with initial density 2 would be iN[S(2s:,)+^(^i—^)]»*27*3 
days, but in the presence of other flies at ordinal densities it would be 

*N[S(a,ri)+s(^^)] B 37*5 (using the mean value for densities lo to 55). 

Subtracting and substituting S(;r| — ,r,)/N » 16*3 this gives p *44, which 
is not an unreas<aable value. At inituil densities 4, 6, 8 the expect^ mean 
durations on this basis would rapidly approach the normal value 37-5 as the 
observed figures actually do, and it must therefore be concluded that the 
whole conception of optimal density probably rests on the question whether 
a fly living by itself would be expect^ to have its duration of life halved 
or not. ^ere may be experimental data bearing on this point, but it is 
not mentioned in the book, and in any case it would be wise to cease talking 
of optimal densities as applied to life duration until the evidence for their 
existence rests upon a more secure foundation. 

The second outstanding conclusion which has attracted a good deal of 
attention and on which Prof. Pearl lain a good deal of empmis is that 
(p. 151) " th* length of life depends inversely on the rate of living,” or as else* 
where stated (p. 145), *' the duration of life varies inversely as the rate of 
energy expenmtute during life." The evidence for this conclusion which 
is given in the book is a series of experiments in which cantdoup seeds, 
from a single melon and of uniform sise, wen allowed to grow in agaa* tubes 
in darkness and without any source of nutriment other than air and moittare, 
and the growth of the resulting shoots wiu measured at intervals. After 
growth had ceased, the period of growth being G days, there followed a station*- 
ary period nntil the first signs of death appeared, and the total time, A ^yi, 
UP to this point was recorded. The mean value of G was 14-13 db 'ts am 
m A 27*39 ± *22. The rate of nowth was measured by the constant h of 
the logistic growth curve y m h/(s + e*+^), » being the time, and A a, ( 
constants. 

The correlation coefficient between growth rate 6 and total life duration 
A was found to be sm"* *■■* * 4^3 ± '07C which was not sensibly altered U 
the original seed weight or torn stem length were made constant. In a ktv 
■wiesofeneriwentaa higher negative ccurelation was found (- *643 ± *057). 
From this it is eondaded that" the negative oorrelation between growth tim 
and dnntion of fife shows that the faster the seedling grows (that is the hti^ 
ti>e rate energy eapenditure in gtowiiig) the Shorter its duration ofmA 
and vice verta,” The dnrathm A is the sum of the growing period (G) attn 
the stationary pariod (A—G). F'cr constant stem Iragtit the growth iSits b 
ipnst ne c e s s ar ay be nogativdy correlated with the growth period G, M 
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ta&ptA pototti out -» - -362 ± *086). It to not stated* 
imftfw, that the correlation bemeen the growth rate b and the dnration 
dUto after completion of growth (A--G) to sero; thus the data in Table 7^ 
aotnally give a value r » — *0002, The conclusions to be drawn from these 
experiments would therefore be more correctly stated as follows: (i) the 
dnration of growing life under starvation conditions depends inversely on 
the rate of growing; (ii) the duration of life after growth ceases under starva* 
tkm condinons does not depend on the rate of growing. Since the expendi- 
ture of energy by the plants in the stationary period A-G under the conditions 
of the expeximent would be practically negligible we only learn from this 
that seeds of the same size when cut ofE from external sources of nutriment 
other than air and water have a certain amount of energy to expend in 
changing into mature plants, and the faster they expend it the sooner it to 
expend^. 

The same might be said of a number of fireworks containing the same 
quantity of ei^l^ve, and there is a very considerable gulf between this and 
me general conclusion that in the presence of ordinary nutriment the length 
of life depends inversely on the " rate of living." The only bridge to this 

S ilf seems to be the conclusions of Chapter XI of " Studies in Human 
iology," quoted on p, 140, drawn from the relation between death-rates at 
agM over 45 of £ngl&h males in occupations when graded according to the 
estimated expenditure of ph3r8ical energy they involve, conclusions which 
are very far from convincing owing to the impossibility of allowing for the 
difitorential incidence of extnmeous disease as distinct from organic exhaustion. 

Much more work on this subject will be required before Prof. Pearl's 
general conclusions can be taken as established, and more caution will be 
advisable in jumping the gaps from one form of life to another, by taking 
into consideration such factors as the zero points from which life duration 
to being measured. Thus in this book the life duration of Drosophila to 
measux^ from its emergence as a fully fiedged fiy from the pupal stage, that 
Of the canteloup from the planting of the seed, and that of human lyings 
from the point of minimal mortality, age xa. But what justification have 
we for this other than the fact that the life curves give the best fit to each 
other when superimposed by taking these zero points ? 

Having made these necessary reservations the book may be recommended 
ai bdng both fascinating to read and also foil of shggestion for further 
Investigations. 0 


Vte BleoMeal Chmdiiottvity of Ibe Atmoipliire and its Causes* By Victor 
F. Hess, Ph.D., trwslated from the German by L, W. Codd, M.A. 
(Pp. xviii 4* 204, with 15 illustrations.] (London : Constable A Co.* 
1928. Price X2s« net.) 

hi gec^ysical Apbjects, Uln the present, which are on the border-line 
betweem j^ysics and meteorology, it to always difficult to obtain reliable 
data; the ^enomena are compli^ted by the simultaneous action of so many 
diftoxent meets* none of which to under direct control. There to more room 
lor honest dlfitorence of opinion than to allowable in laboratory Phy^c», 
wmt all the phenomena may be controlled by the experimenter. It to in 
anMseti such as these that a book, which gives an ordered account of the 
inm which has been done, to especially welcome. . . . 

The present book to such an account, and to mainly occupied with a 
daipfi^ption of the methods employed and the results obtained in the measui^ 
ipDittt of the iontoation of the atmosphere as observed just above the earth s 
SWiaoe. Measurements of the conductivity of the air, of its ion con^t* 
Md of the mobSity cd the kms are described at length, the questmn of 
wm of this tonlsation to dtocussod, and the methods of ^uring tte 
aetbm OMteat of the earth and air are indicated. This part of the book 
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rwainit ai it was wsitten in ths Onnnaa edition of 19^« and contains a useful 
set of references on the subject np to the end of 1925. 

To most physicists the next sectioa will be of most interest. It deals 
with the penetrating radiation whose existence was first suggested by the 
author in 1912. He here gives a detailed account of the er^riments which 
led to this suggestion, and of the more recent investigations which have 
borne it out. The question of the nomenclature of these radiations is raised. 
It seems time that some definite name was given to them. The name 
Millikan Raysis misleading in view of the fact that they were known to exist 
long before Millikan started his experiments; the names cosmic rays ** 
and " ultra-^amma rays suggest more than is definitely known at the 
present time about the radiations. In the present book they are known as 
Penetrating Radiation and as Hdhenstrahlen, although the more objec- 
tionable term “ ultra-gamma rays " is frequently employed. It is unfortu¬ 
nate that the useful and comprehensive terra “ X-rays " has already been 
appropriated: here is an ideal case for its appheation. 

The section on the penetrating radiation has been rewritten for the 
English edition, and contains references up to the end of 1926. In the 
discussion of the properties of these rays the work of German investigators 
is heavily stressed, it would seem, at times, to the neglect of that of the 
Americans. 

The subject of the ionisation of the upper atmosphere (the Heaviside 
Layer) is next dealt with. This section, also, has b^n rewritten for the 
English edition. Even so, the subject is now such an immense one that the 
twenty-three pages devoted to it at the end of the book cannot do more 
than touch on the fringe of the subject. It was necessary to mention it for 
the sake of completeness, but the account hardly does justice to what was 
known even in 1926. The interesting deduction is made, contrary to what 
is assumed by recent writers, that the penetrating radiation is responsible 
for an appreciable amount of ionisation in the upper atmosphere. 

The translation is good and makes easy reading, although the subject- 
matter does not lend itself to elegancies of style. We only noticed one 
Germanised expression, on page 44, where the expression independent 
from " is used. 

(t) Emergant Evbtntton and the Booiil. By William Morton Wbbsler, 
Ph.D., Sc.D. (Pp. 80.) 

(2) Hie Standardisation of Error. By Vilhjalmur Stbfansson, M.A., LL.D. 

(Pp. no.) 

(3) On BMotff A Study 0! Preeent Ttedendei. By A. L. Rowsb. (Pp. 103.) 

[Psyche Miniatures. London: Kegan Paul, Trench, Trfibner ft Co. 

1928. Price 25 . 6d, each.} 

(t) The Psyche Series continues to issue its frequent little volumes, and they 
have undoubted fascination in size, price, and clearness of type; they sug^^ 
holiday rovings with a book in knapsack or pocket, not requiring any ex^mon^ 
physically or mentally, and which we can leave behind us where we Uke^ 
or present to a Isllow-wanderer. Like all booklets issued in series, some 
are worth preserving and re-readins^ others we are only too glad to have beguiled 
an idle hour with, for they have left us with a new thought or two, and the 
remainder we are but too ready to leave behind or pass on to another. Pirof. 
Wheeler's booklet, we venture to think, belongs to the last class. When 
we first read the major portion of it in Science, we had no idea that it would 
be consideied worthy not only of a single but a double reprint. The keynote 
to the book is more or less a j^test against such sciences as biochemistry and 
ifiophysics, at present largely in evidence. It is a protest sgainst the 
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macbanical ** e:icplaiiation of vital phenomena. But the author gives us 
no definitions of wha the understands by explanation/* or by the word 
mechanical/' Science never has explained, and never will explain, anything; 
it simply describes in the briefest formulas possible the " how *' of things, 
not their ** why/* Its function is to find the most comprehensive formulae 
it can for brief description, and not to *' explain why A causes B/* Again, 
mechanism ** is not something existing in the '* Dinge an sich "; it is the 
mental model created by the scientist as a basis for his descriptive formulae. 
In other words, it has a purely psychical and not a material existence. The 
electron is no more ** real ** than the atom of the mid-Victorians, nor has 
the curvature of space any more of ** reality ** than the aether of Lord Kelvin.* 
They arc but steps towards more and more comprehensive descriptions of 
our conceptual universe, figments of the human brain, and that is why it 
is idle to discuss whether the “ real '* universe is continuous or discontinuous; 
either h3rpothc8is, with the swing of the pendulum, may give for the time a 
better descriptive " mechanism," Once this true understanding of the 
function of science has been reached there remains very little of any supposed 
slavery of the biological to the physical sciences. The only difficulty arises 
from the biologist too often neglecting to measure and weigh, or being too 
apt to predict that what he has observed in a single individual organism, or 
in an absurdly small sample of such organisms, holds in general for all indi¬ 
viduals of the species or even for individuals of other species as well. lYof. 
Wheeler tells us that we are never able to predict, from a knowledge of the 
properties of a unit, what wiU happen when we take a group of units. In 
the latter case the unknown and unexpected will arise, and this idea is 
apparently to be termed " emergent evolution," and gives, with his definition, 
" freedom," i.e. " action in accordance with those characteristics winch 
tubsist at a certain level of organisation." Thus, according to our Professor, 
it is never possible in one " level ** of evolution to predict what will ** emerge ** 
in the next " level." Were such a statement absolutely true any scientific 
prediction involving time would appear to be impossible. Scientists know 
the danger of extrapolation, but they are scarcely prepared to give up time 
as one of their factors, and even with such an antiquated law as that of 
gravitation they could give a not wholly inadequate account of what would 
take place if a second Jupiter came with given velocity“ht a given cpocli into 
our planetary system. Science does study not only the characters of units, 
but also the behaviour of units in combination, and the latter is not wholly 
independent of the former. The chemist, knowing the characters of individual 
elements, is not entirely unprepared to predict what will happen in combina- 
tions. The fact that in the present stage of science we are largely ignorant 
of what will happen in new combinations—or, as our author terms them, 
" new emergents —^by no means proves the tmpossibtUty of predicting new 
emorgents or tbglr " ireedom " ; it merely indicates the inefficiency of our 
mechanical models of the universe. The adequate model would indeed 
describe the order of successive "emergents." The proclamation of the 
inadequacy of " mechanism " generally to describe hfe and behaviour is 
pmnature. Frankly we do not know at present the whole of what even 
existing models can or cannot accomplish in this direction, still less what con¬ 
ceptual" mechanism ** invented Iw the mind of man in the near or far future 
may achieve. The words " impossible to know * * are mere dogmatism in science, 
Onr author, in conclusion^ cites the following words of Jennings with approval: 
** The doctrine of emer^nt evolution makes the biologist loyal to ex^ri- 
mentation and obiM»rvatkm in his own field of work, whatever is found in 
ether fields. Courage and defiance sprout from his soul in place of timorous 
tilbeervience to the inorganic. No mnger can the biologist be bullied into 

* am as certain of the existence of the »ther as of that of the air/* he once 
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tfappraeiiig oteemd mtdtv tecAts9i^ they 9M not diaoovmid nor eiqpOKMl 
bom work on the non-living parts of natnre« No longer win he fM a eense 
of criminality in epeaking of relations that are obvious in the living, for the 
reason that they are not seen in the nonliving. Biology becomes a sctonoe 
in its own rlgbt--not through rejection of &e experimental method but 
through undeviating allegiance to it. The doctrine of emergent evolution is 
the Declaration of Independence for biological science.*' We must confess 
our breath is taken away) What biologists have been bullied into sup¬ 
pressing the results they have observed ? Most biologists of our acquaintance, 
past and present, Huxley and Bateson, Pearl and Macbride, were, or are, 
very good fighters, indeed somewhat truculent men, whom to bully would 
take more courage and defiance than could possibly sprout from our ovm 
poor timorous som I Who are the biologists who feel a " sense of criminality 
in speaking of obvious relations among the living ? Is the paragraph cited 
mere rodomontade, or an excuse for neglecting instead of reconciling results 
reached in fields adjacent to the biological ? Is this new " Declamtion of 
Independence " any more valid than numerous earlier Declarations, or is it 
an append to admit obscurantism under a doctnne of " emergent evolution," 
of which the foundation, according to Prof. Wheeler, appears to be the 
assertion that we cannot and never shall be able to assert what will emerge. 
Ignoramus is the hfe of science, Jgnorabtmus its death sentence. We w£m 
the biologists joy of their newly won freedom. fix. 


(a) It is very difficult, the reviewer finds, to determine whether this booklet is 
an elaborate skit on human nature or is intended as a valid demonstration 


that there is no such thing as truth. II the former, our idiosyncrasy is such 
that we fail to find the skit amusing ; if the latter, we hold the demonstration 
to be inadequate. For example, the ostrich of literature since Pliny’s time 
has buried its head in the sand when pursued; this is not confirmed by 
sportsmen and zoologists. Well, the illustration is so valuable to literature 
and to our vocabul^ that it is desirable to define the ostrich as a bird 
that buries its head when frightened. Or again, that the Eskimos of Alaska 
live in houses built of snow, or that Irishmen sleep with a pig under the bed, 
or that it is colder the nearer you go polewards m the summer, are mattem 
accepted as truths. Well, define all these things to be true, and the world 
wiQ get on better; the stability of nations and the morality of children 
dqpend on their acceptance of the untrue as true. 

" Though we have not covered the field exhaustively, we may agree 
that truth is good, usually in engineering, chemistry, physics, and the aUled 
sciences. It is go<^ in astronomy and geology, whenever it does not conflict 


with religion. It is good about as often as bad in sociology, psychology, 
physiology, biology, and several of the r^ted sciences ] for in these it appears 
to supped present-day maimers, current morals, and the prevalent reUgfon 
about half the time. In history, civics, and many such fields it is alwayi 
open to the gravest suspicion. In the training of very young childzen it 


should be rather carefully avoided as a general thing " mp. 103-4), 
We may be told this is satire; if so, our individuaf palate jit 
GQidet vrith tbo fines herbes not omitted. 


<3) This work, if written in a very different spirit and with a very diffeMrt 
a]^eciation the nature of lile*s problems from those of Mr. Stefansson, is 
concerned with the relativity of truth, in this case of historical 
Mr. Rowae realises that each age has its own historians, men who, hm$xm 
they belong to that age, and b^use they know the needs of their contem- 
poiaries, interpret hiiu^ relatively to their time. It may be supposed 
that Thomas Carlyle and Mr. Frimde satisfied the needs Of the ViotbriiSn 
generation, however distasteful they mppeax to the mote scholarly readeii 
of to-day. Dottbfleta Hume was pmmod to Keith by men of the ^ffateentb 
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owtoty* fterbaps the pandiilttin will swing again, and by tbs middle of the 
oentorv the works of Wells, Cole and Tawney grow dusty on the shelf lor their 
lack os literary vivacity. The folk of each age—mean those who purchase 
and read histories—obt^ what they need from its historians and biographers, 
even though those writers themselves imagine they have sought, found, and 
told the pure truth. ** The attempt to get outside of historical movements 
and to survey them objectively is ultimately hopeless; as Prof. Black writes, 
after aU one can’t get out of one's own skin.” 

The very form of words the historian adopts gives the dry bones of the 
records a colouring, and after all the life he breathes into his lay figures-^ 
for no records provide the psychology of the dramoHs persona —^forms 
ultimately the essence of his history, and makes it a work of art. It is 
indeed earier to write adrama thanar^ history. Take Joan of Arc or Mary 
Stewart as centre figure for a drama, and the poet can bend the action to his 
psychological conception. He can leave out the ugly, nasty, non*accordant 
Uttie facbi. But the historian of today cannot do this ; he has to twist, to 
bend, and to develop his psychological conception, if he is honest, m accordance 
with aU the facts; and the psychology of men and women who lived centuries 
before us is not the psychok^ of men and women of our own time, upon 
which experience we base our conception of individual character. We 
are ajpt to think that the dominant passions and desires of mankind have 
remained the same through all the i^es. The thought is false, and a little 
atudy of anthropology soon makes it evanescent. Palaeolithic man must 
have thought and behaved on wholly different impulses from modem man, 
and so it is with the uncivilised races of to-day; it requires no little patient 
obeeorvation to lay bare their manner of thought, the springs of their action ; 
it is nearly impomble for a cultured man of to^ay to place himself wholly 
sw rapport with a Catholic peasant woman of Southern Germany, or with a 
Salvation lass who urges the populace in strident tones at the ^eet comer 
to come and be washed pure like she has been in the blood of Jesus. It 
means much to her, but can the reader grasp the mind to which it seems 
rsality ? We must remember that as we go back in history we have passed 
from an age in which these manifestations are occasional atavisms to ages 
in which &ey represented the psychical feeling of almost the entire mass 
of the population. It seems the hardest of all tasks to place oneself in the 
mycmal atmosphere of a past age, and it is this fundamental difficulty of 
the historian which enforces the rc^tivity of history. The facts, the mere 
facts, have in history, as in a murder trial, no life in them. It is the quick 
hsmumity behind wa facts which appekls to our imagination, and the 
psychology of that quick humanity which gives history its absorbing interest 
axm fascination for our minds. Evezy age recasts its history, and, as Mr. 
Rhwse writes, the immense work of reinterpretation of the past is likely 
to occupy the lifRime of the youngest of this generation.” The historian 
h$B an eaoaedingly difficult task bmore him, namely, to steer between the 
Oiarybdis of meimy stating a multitude of facts and the Scylla of converting 
tristesy into a drama dictated by the psychology of his own age and perwn. 
We have to our course between historical learning and historical 

dta m a t isa t ion, and to write history needs not only research, but under* 
itanding of how the psychical outlook has changed with the ages, 

Mr. Bowse has written a suggestive booklet, and we shall not cast it out 
Is^ontwallet 

to IlM BMocy ot leiaBM. Vol. I: From Hom« to ^ 
llMlfrAm. By Gsorob Sarton. [^. »+ 
tJ.8jk.. thB Canugie Institute; Lradon: ^Uiire, Tindall ft Cox, 

Plioe 45<. net.) 

yiHt tonev oocaaion to draw attention in previous review notices to the 
mJSSaTSStSS^ the phOosop&al and historical asp^rts of 
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modem scientific studies. Sdence h teldng ber place among tbe bnmaaltiea« 
and the issue of books dealing with the various aspects and phases erf the 
history of science and of the philosophical attitudes and theories of ber 
esqponents through the ages continues with astonishing vigour. Fresh 
avenues of historical research have been opened up as a consequence, but 
there are many evidences of gaps and of incomplete records which are bringing 
to the fore more and more enthusiastic workers. 

The results are fully justifying the efiorts. What has, however, particu¬ 
larly manifested itself in this connection is the difficulty of ascertaixung and 
of getting access to the maziy sources for critical inquiry. There are two 
broad aspects to this need. There is clearly the question of guidance for the 
research worker, and there is equally clearly the need for the provision of 
authoritative material for the interpretation of the work of the experts for 
the benefit of the general public. So far as the former of these aspects is 
concerned, we are bound to notice with admiration and pleasure the pains¬ 
taking and arduous but invaluable work of Mrs. Dorothea Singer m the 
compiling of records of original manuscripts which she is undertakmg so 
successfully. So far as the latter is concerned, the collective efforts of our 
research students have not yet made feasible the writing of a comprehensive 
and reasonably complete history of science. Gradually, however, the 
materials for such a large venture are coming into being, and it is to be 
hop^ that it will be instituted in due course; though httle more than a 
preliminary survey of a somewhat sketchy character can be hoped for for 
many years to come. 

It is in the joint provision of authoritative material both for the research 
worker and for the semi-popular interpreter that the whole world of scholar¬ 
ship is laid under a deep debt of gratitude to Dr. George Sarton, who is 
devoting his whole life to the conclusion of a gigantic venture whose first- 
fruits are seen in the formidable volume now before us. 

No one is better qualified for the task. Probably the most supreme 
student of the history of science in all its phases m the world to-day, his 
work of preparation has been patiently and persistently carried on under 
circumstances that, while happily smooth in the recent years of his 
residence in America, were at least difficult and at times almost impossible 
during the period of the late war. We read with a real sense of the dramatic 
of how, before abandoning his home in Wondelgem, near Ghent, he buried 
his notes in the garden, where they lay for four years before he was able 
successfully to recover them. Vicissitude and hardship fortunately in no 
way damp^ his ardour, and now we h^ve this large volume of some 840 
pages, the precursor of some additional six volumes or so yet to come. 

What is its object ? As the author himself describes it, it is " to explain 
briefly, yet as completely as possible, the development of one essential ^ase 
of human civilisation which has not yet received sufficient attention—-the 
development of science, that is, systemaihed posxHve knouAedge.** This, be* 
holds, is equally important with such other aspects of human progress ae 
the development of religion, of art, and of social justice. The claim is pertinent^ 
and the corollary is (^ar that no history of civilisation can be complete 
without its due record. 

At the same time Dr. Sarton naturally recognises that the record of 
progress in science is no water-tight, self-contained compartment in tbe 
house of progress. AU phases of human development are interlocked and 
interrelate. The links are real and important in their mutual reaotione* 
Particularly is this so in the history of religion. As Dr. Sarton reminds ui, 
until relatively modem times iheolc^ was an intrinsic part of science, and In 
medieval times in particiilar this was intensively true, and it is therefore 
impossible, for example, to ''reach a correct understanding of 
Soience if we do not folly grasp its gravitation around the Qur'in." 



REVIEWS 365 

The whole scope of this gr<^t inquiry impresses one with the level¬ 
headedness of its author. Nothing could be easier than lor an enthusiast 
to run away with his subject and to suffer from false values and a wrong 
•ense of pn^rtion. The sane judgment and the proper maintenance of 
balance on the part of the author may be illustrated by his attitude towards 
what are frequently referred to as the pseudo-sciences of the early and 
middle ages—^astrolo^, alchemy, and the like. Because they belong to the 
history of error, to the story of regression rather than of progress, they are 
kept in the background of Dr. Sarton^s fabric ; but because they played their 
very active part in their time, they call for and receive more than a passing 
notice. 

The author describes his venture as a purely chronological survey in 
the form of “ cross-sections of civilisation for each half-century. His 
ambition is to see it as the preliminary to a further series of volumes surveying 
the different types of civilisations—pro-Hellenic, Greek. Roman, Semitic, 
Chinese, etc., to be followed in its turn by a third series intended to survey 
the evolution of the special sciences. The conception, whose consummation 
is admittedly beyond the lowers of one man, is as grand as it is gigantic. 
It at least has in its favour the evidence of a good start in the volume before us. 

Volume 1 , then, of this Introduction to the History of Science carries us 
in fifty-year stages from the time of Homer to the time of Omar Khayydm. 
It gives us, again to quo^l the author, a fresco of intellectual progress 
during the course of two millenniums.*' It gives us ** a history of mathe¬ 
matics from Thales to Omar, a history of theoretical music from Terpander 
to Guido of Arezzo, a history of astronomy from Philolaus to al-Zargati, a 
history of geography from Hecatseos to al-Biruni, a history of exploration 
from the time of the Phoenician navigators to that of the Scandinavian, a 
history of medicine from Alcmaeon to Ibn Sina—in brief, a vast intellectual 
panorama extending from the I had to the Chanson de Roland.** 

The plan of a rigid limitation of chapters to a sequence of exact fifty-year 
chronicles strikes one at first as arbitraiy, artificial, and unnecessary. The 
author's sense of perspective, however, is clear. His defence of the system 
is sound, and, to put it vulgarly, the proof of the pudding is in the eating. 
His first volume does tend to justify the method. As he very pertinently 
reminds us, the centuries lasted just as long in those times as they do now, 
and each generation brought* in sundry changes of its own.** He rightly 
protests against the prevalence of the vague inadequacies of many writers 
who tell us of two men that ** they ffourtshed in the tenth century.** The 
apparent link between them too often finds no foundation in fact, and makes 
them no more contemporaneous than were, say, Clerk-Maxwell and Andrd 
Aix^re. 

The basis of Dj:. Saxton's half-century unit is that this is approximately 
th« iq>axi of man's mteUectual life. Admittedly artificial, it serves purpose 
well. Further, for purely nmemonic purposes, each chapter is entitled after 
the most representative man of the particular half-century in question, so 
that we have, s.g. Chapter III—^The Time of Thales and Pythagoras (the 
tot three chapters are exceptions in dealing with a whole century); Chapter 
3 feI~The Time of Lucretius; and Chapter XXVIII—The Time of Jabir 
Ibn Haiyan ; and so on. Each chapter opens with a general survey of the 
eoiepice of the period, and follows wth the men invoh'cd in the religious 
bftckmund, the cultural background, and the various aspects of scientific 
activity, concluding with the historiography and philology of the period. 
With each man quoted is given a very brief biography and a bibliography of 
tocti and authontatlve ctiticisms. 

The book does not read like a novel, nor is it intended so to do. It is 
ilhfieMive nevertheless. No less than fifty-three pages are devoted to its 
very comprehensive index. Clearly, here is no work for the general reader, 

H 
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uatoM we exee^ ttw taaitetly lotzodncttMi and tbe oMlDfii| •eetioB* erf 
each chapter. B«t Ibr the etaobat of edeBoe, for the atadeat of ctviUiatkm, 
and for ue research worker the publication of this book is an event of ma^ 
importance. We can conceive of no library as being complete without its 
copy of Sarton. By the sheer weight of merit and authority it becomes 
the most valuable work of reference on the history of science yet in existence 
for the period with which it deals, and the world of scholarship and letters 
will await tbe next volume of the series with eagerness and with, may we add, 
a feeling of profound admiration and gratitude to the author. 

I. B. H. 

MetmUiropos: or. The Body of the Fatore. By Romald Campbbu. Macm, 
M.A.. LL.D., M.B.C.M. [Pp. 96.] (London: Kegan Paul, Trench 
Tr&bner ft Co.; New York: E. P. Dutton ft Co., 1928. Price 
2«. 6 d. net.) 

An excellent addition to the series of little books being produced by Kegan 
Paul, Trench ft TrObner. Dr. Macfie is the author of many suggestive works, 
besides being a very distinguished poet. Nevertheless, the trade of a pre^het 
is a dangerous one, because we seldom hear of the propl^ts whose sayings 
have not come true. Those who succeed are great men, but those woo 
do not do so were sometimes stoned. Probably by the time that the human 
race acquires the bicycle wheels, both the author and the reviewer will be 
entirely forgotten. Whether we have improved much since the days of 
the ancient Greeks and Romans we would be sorry to have to decide. Cer* 
tainly the modem Briton thinks that he is a paragon ; but in certain papers 
of mine I have had to complain strongly of his intellectual output in con> 
section with malaria (see Practitioner and New Health tot September 1928). 

P. R. 

■ipi. Their BIstocy, (SierMtariitloi. isd Bmi. By Sm HsasBaT Gxoitos 
Fobdham. Second Edition. [Pp. x 83.] (Cambridge: at the 
University Press, 1927. Price 6s. net.) 

This book is designed to interest teachers of geography in cartography so 
that maps may be appreciated correctly. Such a task is by no means 
simple. The modem map, with its cold predsion, is, by reason of its oon« 
ventioiud appearance, liable to repel interest The fumliaiity of stndents 
with maps ohm leads to the same result. 

The author realised that most pupOa are attracted at as eariy stage by 
maps, and platmed the book to show that the process of becoming familiar 
should stimulate and not deaden that keetmess. " La carte eat le oocnmiWt 
de base indispensable pour la Gfonaphie,'’ wrote Vallaux. The author 
accepts this, ^ entttges onr concepnons so that a map becomes an evolved 
resun wiQi a history and “ as a book from idiich to leara—mot a final obleGt 
of study in itself.’' 

In its small oommuH tiie reader will find tbe suhject so treated that 
enthusiasm is aroused. The sections on historical progtM and art in oarto* 
grsj^y may be cited as examples in this respect. 

ne work is well prepared and illustrated, whilst the appendix and indme 
enhance its usefulneae. This second edition, which removes a few ttifiiag 
Uemishes which were in the first, brings the work up to date. It oontaifti 
not OBiy much useful infermation, but also a great deal of good praotkal 
advice drawn from tbe antibar's knowledge of thu snbiect and of teaching. 

Many teachers are realising the value of panoramle sketches (p. 35). and 
it is to be hoped that the paragraph (p. 51) dealing with the mqpmtaaoe 
of gedogieal maps adU receive me attmrtion it deserves Iraia geogwyhkni 
publiebets. 
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We leoaauBHid tills imiqQe book to all teachers and snggest that it is 
a week of wide value, calcnlated to improve the general education and 
remove an ignorance nnder which no one utould labour. 

J. Euno Colecloogh. 

•(NBU QnssUons Ol Kaskal Iheoip. Chapters I to IV, in two vols. By 
W. Pbkuctt, B.A., Ph.D. [Pp., vol. I, 30, Vol. II, 92.] (Cam¬ 
bridge : W. Hbfvbr ft Sons. Price 6 d. and 5s. respectively.) 

Chapter I.—^How Olympus found his New Scale. 

Chapter II.—^The Olympaon. 

Chapter III.—^The Second String. 

Chapter IV.—^Ptolemy’s Tetrachords. 

Chapters I and II of Dr. Perrett's work on the music of the Greeks were 
published twb years ago, and, while admiring bis ingenious roasonmg, the 
critics are almost unanimous in refusing to commit themselves as to the 
plausibility of the author's conclusions. The subject is very conjectural ; 
even the enlightened few are not agreed upon it. To a mere physicist— 
and Dr. Perrett despises the gadgets of the physicist, although he has got 
one of them to provide him with a set of tuning-forks of frequency guaranteed 
to I in 1,000—the questions discussed in these books seem incapable of 
solution. It is a question of selecting the most plausible conjecture, and 
lir. Perrett has put up a good case for bis own. The book is a mine of 
selections from ancient and modem authors which will interest those who 
have studied the evolution of the scale, and may intrigue those who delight 
in geometric series, but is bound to remain " caviare to the general." 

_ _fss « _ a. _*13__ j s ___--*_ 




which have been, or may be, need to augment or diminish any note in the 
•cale, apart from the varying positions of the semitone in the tetrachord. 
The adoption of the proposed two additional notes in the octave would 
entail expense of reconstructing keyed instruments, just as expense 
tobids the imposition of a standard pitch. What scale been evolved 
after all our adjustments of modes and scales by vibrations and by logarithmic 
cents, and arfter Hke final victory of the equal temperatnent ? The present 
scale of the concert-room seems to be a compromise of various instrumental 
etid singing scales determined by the manufacturer. Smce the time of 
the meat god Pan shaping his reeds by the river, the scale is dominated 
of wind Inatrumeats. 

The author (ae abo Lord Balfour) dainu for the Greeks a super-sensitive- 
ness which oompeUed them to aub-hear an inevitable harmony which we 
modems demand shall be grosdy presented to our coarser ears by accom¬ 
panying InstntiHtots. In the Greek theatre the melody of a few flutes and 
tiM arpeggios of the lyre furnished a monody which was negligibly sub- 
serviuit to the majestic presence of the gods, with their exaggerated height, 
thdr inaiiked megaphonio voices, and the tremendous lines of an .^schylus. 
OomMte (as harmony) such an accompaniment with the surging orweste 
ol Wagner, weaving a polyphooic tissue of ten or twenty iridescent threads, 
•hilB m gods on the stage dedaim the trombone part in a foreign language. 

The author decries the equal temperament because it allows the compose 
W modnlate restlessly fWm one hey to another, strqiping nowhere. This u 
•sitnble to an im|iinisct and emotional world, where the only reraid music 
is that wfakb is never composed and never performed; though Wegiw 
ipbnw an exam^ of calm unmodulated music in the 136 bars of the chord 
B fittt in Ui 

'' Hie book is a mine of asleetions from the works of all wrlt^ who treat 
«f akioetiwmSKitest^nes, and is a monument of the sound scholsninp 
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and industry of its author; it will be of the greatest interest to all who study 
the origin and development of music. E, G. R. 

From Magic to Sdenoa. By Charlbs Singer. [Pp. xx + 253.] (London : 

Ernest Benn, 1928. Price 25s. net.) 

Few men have rendered such distinguished service to the study of the 
history of science as has the author of this handsome book. Not only is he 
distinguished as an historian of medicine and biology, but he has rightly 
come to be regarded as one of our foremost medievalists. This is indeed 
a much more difficult achievement than it sounds. The medieval mind has 
always been a baffling puzzle and a mystery to the modem man, chiefly 
because it concerns a period in civilisation that had inherited a decline in 
learning. To the collapse of scholarship from classical times there had been 
added a vast superstructure of magic and superstition, and the task of recon¬ 
struction which brought about the Renaissance of science, following those of 
arts and letters, was thereby made many times more difficult and complicated. 

Properly to appreciate the medieval mind in fact calls for an effort of 
inherent difficulty on the part of the modem student—he must try to forget, 
or rather to submerge for the time being, his modern knowledge, and must 
try to enter for himself into the perspective and into the normal frame 
of mind and outlook of a human being of those days. He must also be 
intimate with the legacy of chissical learning that had been lost with the 
Dark Ages. At the same time he must be a man of science. Unfortunately 
most of our medieval scholars are lacking in this last respect, and as a result 
are unable to give adequate attention to the development of rational 
conceptions of the material world.*' 

It is fortunate that in the author of this work now before us wc have 
a scholar who fulfils brilliantly all the necessary qualiffcations for a study 
of medievalism. From Magic to Science constitutes a modified reprint of 
various essays that have been contributed by him at one time and another 
in the past, many of which have been unfortunately out of print or alter¬ 
natively difficult of access for some time. They present, in the form and 
order of their present arrangement, a vivid and scholarly picture of the 
degradation of thought from the " intellectual efficiency of classical antiquity, 
and of the earlier steps in the weaning of Western Europe from this decline, 
and of the setting of mankind once more upon the road of progress towards 
modem science. To quote the author, '* Here some sort of attemjpt is made 
to trace the collapse of ancient science into the swamp of magic and the 
first attempts at recovery from that hideous slough." Beginning, then, 
with " Science under the Roman Empire," we are shown the first ste s 
in the decline in the rejection of that true spirit of inquiry for its own sake 
that characterised the great leaders of Greek thought, and the narrowing 
down of the fruits of their labours to the more practical and utilitarian needs 
of the community. The second essay, " The Dark Ages and the Dawn 
of Science," carries the story further, and describes the destructive forces 
that finally broke to all organised thought in Western Europe, the passage 
of learning to the East, and the beginnings of its slow infiltration oack to 
the Christian world. The next three essays vividly portray the depths to 
which medieval ignoramce and superstition had sunk in the light of Angles 
Saxon experience. In the sixth essay, on " The Visions of Hildegorde," 
we come to the first concrete evidences of the earlier attempts at a coherent 
philosophy in the twelfth century, and with it we see the dawn of a new 
era. Finally, in the concluding essay on " The School of Salerno and its 
Legends," we have a representative illustration of the beginnings of the 
centralisation of study and learning in the founding of the universities that 
formed so specific a factor in the period of reconstruction. 

Dr, Charles Singer always wriies with charm and conviction. The present 
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volume is no exception in this reject. It is also lavish in illustration and 
in the inclusion of many coloured and beautiful plates. Such a work is 
inevitably expensive ; it is nevertheless well worth the money. It constitutes 
a very real contribution to the history of civilisation, and as such we un¬ 
hesitatingly commend it as a success that is fully deserving alike to publisher 
and author. I, b. H. 

Orokaiva Kagic. By F. E. Williams, with a Foreword by R. R, Maxett. 
[Pp. xii -f 231.] (London : Oxford University Press, 1928, Price 
I2S. 6d. net.) 

This volume consists of three sections entitled respectively “ The Taro 
Cult: A Study of a Primitive Religious Movement/' The Garden Culture 
of the Orokaiva/* and " Orokaiva Magic," which were prepared for presenta¬ 
tion as Anthropological Reports to the Papuan Government. 

Now as government reports these examples are assuredly of great value, 
describing in detail the origin, development and reactions of certain customs 
of this extremely primitive race; they bear always in mind the practical 
points which are the concern of the Government, namely : Are these customs 
in themselves harmful in any way to the subject people, or do they merely 
provide an innocuous and necessary outlet for primitive emotions ? Do 
such customs have any hampering effect on the efforts of the Government 
to educate the aborigines and forward the evolution of their civilisation ? 
Or again, do such customs hamper the efforts to increase the productivity of 
the land for the ultimate benefit of the native races and of the coloniser ? 

From the point of view of the anthropologist too the volume has a wide 
appeal, and is full of interest. The " Taro Cult"—so called because the 
initiates were supposed to be in touch with the spirits of the Taro plant which 
provides the staple food of the diet of the district, or later to be in touch 
with the spirits of the dead who were to encourage the growth of the plant 
—is another example, illustrating the extreme liability of these people to 
develop such cults, the influences of which sweep over the whole population 
and are far-rcaching in their effects. This particular cult arose after the 
suppression of the Baigona cult by the Government, in the belief that this 
latter example was pro\ing harmful to the people ; the author tells of the 
origin and rapid development of the movement, indicating the source of its 
wide appeal to the native mind and throwing much light on the psychology 
and suggestibility of such people*—suggestibility along certain hues only— 
which are in keeping with their stage of development and which act through 
their emotions, but not through their reason. 

The second section deals with the method of gardening amongst the 
natives and illustrates their inherent dislike of steady work, the primitive 
nature of theii; implements and their wasteful customs with regard to the 
method of using and then discarding the land when the harvest has been reaped. 

The section dealing with magic and sorcery throws further light on the 
psyphology of the people. Amongst other illustrations two particularly 
interesting portraits are given—of Yaviripa, one of the originators of the 
Taro Cult, and of Bia of liLinau—they suggest very alert and perhaps cunning 
schemers, of shallow intelligence, but not without appeal, and they are 
strikingly consistent with the characters described in the text. 

The volume is admirable for the purpose for which it was written, but 
from the point of view of the general reader who may be interested in 
childlike races or in a knowledge of the responsibilities of the community 
to which he belongs, we should have welcomed some expansion of the reports 
before publication In book form, and an attempt to present other aspects 
Of the life and mentality of the natives. Nevertheless, the general reader 
will find much to interest hi m and to set him thinking. 
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RECENT ADVANCES IN SCIENCE 

MATKEVATICS. By E. C. Titchmarsh, M.A.. University College, 
• London. 

Almost Periodic Functions .—^The theory of almost periodic 
functions was founded by H. Bohr, in three memoirs published 
in the Acta Mathematica.' In these memoirs he extended the 
ordinary theory of periodic functions and their representation 
by Fourier series to a more general class of functions. A 
simple function which is alm^t periodic, without being 
periodic, is f{x )»»cos x + cos xV2. It is the sum of two 
periodic functions, and has many properties in common with 
periodic functions. But it is not actually periodic; for 
example, it takes the value 2 for **>0, but not for any other 
value of X. 

We begin by recalling some theorems in the classical theory 
of Fourier series. Let f{x) be a periodic function, say with 
period 2v. We associated with it the Fourier series 

• n —00 

where a,— 

This complex^ form of the series is perhaps less familiar than 
the ordinary real form, but it is easily seen that it really amounts 
to the same thing. The coefficients An are derived from 
the " orthogonal ” property of the functions viz. that 

— r die—i(m-n),-o(m + «). 

— 

We know that if /(x) satisfies certain simple conditions, e.g. 
if it is continuous and has only a finite number of maxima 
and minima in (- w, n), then the series converges to the sum 
/(*) for all values of *. Apart from the question of the con- 

' See the list oi papers at the end. 
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vereence of the series, there are many interesting properties 
of the coefficients a.. Thus by evaluating the integral 

which is obviously positive, we obtain at once Bessel's inequality; 
Nil 1 f'l I* 

A less simple argument leads to Parseval's theorem: 

• I f" I I* 

«« |/(*)|^^. 

which holds for all functions f{x) such that the integral on the 
right exists. The same thing may be expressed by saying 
that— 

lim f /(af)— Zone*** dx-o, 

or, as we say, the Fourier series converges in mean square over 
(— ir, n) to the function f{x). 

Suppose now that, instead of starting with the functions 
e***, all of which have the same period 2»r, we take 
the functions where A can assume any real value. These 
functions are not orthogonal over any finite interval, but they 
are, in a certain sense, orthogonal over the infinite interval 
(—CO, 00). In fact 

lim ~r «'(**-*•)» dx-1 (^ = A,),-o (Ai + A,). 

—t 

We may ask, then, what kind of functions f{x) can be expanded 
in an orthogonal series of this type, that is a series of tl^ form 

where, by analogy with the ordinary Fourier series, we put 
a«-* lim f(x) 9 ~^ dx. 

This question was answered by Bohr in his first memoir. At 
any rate, he defined a very general class of functions which 
do permit of this kind of expansion. 

Let /(x) be a real or complex function of the real variable 
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X, continuous for all values of x in (- oo, oo). Suppose that, 
for a given value of e, we can find a number t such that 

\fix + r)-f{x)\<e 

for all values of x. Such a number is called a translation 
number of f{x) belonging to c. Thus a period would be a 
translation number corresponding to e •= o. 

Now a periodic function, say cos x, has not merely one 
period 2w, but an infinity of periods anw, equally spaced out. 
We also require an extension of this property. A continuous 
function f(x) is said to be almost periodic in Bohr's sense (a.p.), 
if to every positive number e, however small, corresponds a positive 
number 1, such that every interval of length 1 contains a translation 
number of f(x) belonging to e. Thus in the set of translation 
numbers, corresponding to a given e, there are no arbitrarily 
large gaps. We call a set of numbers with this property 
“ relatively dense.” Thus the positive integers are relatively 
dense, but the squares of integers are not. Of course, the 
smaller e is, the large / may have to be. 

It is clear that any periodic function is almost periodic. 
An a.p. function does not necessarily return exactly to a value 
it has once taken, but it does return to it approximately, and 
that at a relatively dense set of points. 

Sums and products of a.p. functions are also a.p. functions. 
The proof of this is quite elementary, though not particularly 
easy. In particular any sum of the form 

a, «**** + . . . + 

is an a.p. function. 

For any a.p. function f{x) the mean-value 

£/(,)*, 

exists. We denote this by M{/(*)}. Since «“'^/(«) is also 
a.p., being the product of two a.p. functions, M{e“*** f{x)} 
exists for all values of X. Thus we can form a Fourier coefficient 
of f{x) corresponding to any term Suppose that x„ —^^Xj, 

are any different real numbers, and fl(X,), . . . the corresponding 
Fourier coefficients. Then the argument by which the ordinary 
Bessel’s inequality b proved may be extended at once to show 
that 

Jjo(X.)|«^M{|/(a:)|*}. 

Thb has the important consequence that there are at most 
an enumerable set of values of X for which the Fourier coefficient 
a(X) b different from aero ; for the number of values of X for 
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which, say, | a{\) | ^ i/m, is at most m* M{ |/(») !*}. Thus we 
may arrange in a sequence, say Ai, At, ... the values of X with 
non-zero coefficients. Let A, be the coefficient corresponding 
to A<». Then the Bohr-Fourier series of f{x) is 

The “ Bessel’s inequality ” argument gives at once 

The analogue of Parseval’s theorem, that 
i:iA„l«-M{|/(:.)l*}, 

is also true ; but the proof of this is of exceptional difficulty, 
and the result is of fundamental importance in the theory. 
It is known as the " fundamental theorem.” 

Three essentially different proofs of this theorem have been 
given. The original one, due to Bohr, is fairly elementary, 
but very long and difficult to grasp as a whole. A second 
proof, depending on the theory of integral equations, was 
given by Weyl. He starts with the observation that/i — o(X), 
^(s) - give a solution of the integral, or rather mean-value, 
equation 

Now formulae analogous to Parseval’s are known in the ordinary 
theory of integral equations, and the fundamental theorem is 
an extension of them to mean-value equations. Anyone with 
a good knowledge of integral equations would probably find 
Weyl’s proof much easier than Bohr’s, though in a sense it is 
not so elementary. 

A third proof depends on the theory of Fourier integrals, 
and is due to N. Wiener. In its original form this also was 
very complicated, but it has recently been presented in a 
remarkably simple and elegant form. The well-known theorem 
on Fourier integrals, that if 

then J* |F(*)|* 

——to 

provided these integrals are convergent, is of the same type 
as the desired result, except that it involves integrals instead 
of series ; and it forms the basis of Wiener’s proof. 

An immediate consequence of thefundamentaltheorem is that 

lim M{|/(*)- I A,ir**-|‘)-o, 
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t.«. that the Fourier series converges in mean square (in a 
generalised sense) to f{x). Another result, the uniqueness 
theorem, is that if all the Fourier coefficients of f{x) are zero, 
then f{x) is identically zero ; or, if two functions have the 
same Fourier series, they are identical. Naturally these 
statements only apply to a.p, functions. It is easily seen 
that all the Fourier coefficients of e*** are zero ; but this 
function is, of course, not a.p. 

The main theorem of Bohr’s second memoir is that we cftn 
approximate uniformly to any a.p. function, whose Fourier 
series is 

by finite sums of the form 

r a. 

1138! I 

Here the exponents An are the same as those which occur in 
the Fourier series, but the coefficients o, are not necessarily 
the same as the Fourier coefficients A». Conversely, any 
function to which we can approximate uniformly by finite 
trigonometrical sums is a.p. Thus the method of approxima¬ 
tion gives a second characterisation of the class of a.p. functions. 

The approximation theorem was proved by Bohr by means 
of " grenzperiodischer ” functions (gp. functions). A gp. 
function is an a.p. function all of whose Fourier exponents 
are rational multiples of one of them ; or (an equivalent defini¬ 
tion), a gp. function is a function to which we can approximate 
uniformly by means of pime periodic functions. Thus 


is a gp. function, the approximating function 

' /k(«)- 

having the period avN 1 To prove the approximation theorem, 
we express A^ in the form 

"• r*,! fii -h f'n.t • + f'n.pi fit"> 

where rmi,. are rational, and write 

£ An «***■- £ + 

thus reducii^ the given a.p. function to a gp. function of an 
infinity of variables. But we can apply to gp. functions 
methods of summation similar to those in use for Fourier 
series. This leads to the desired result. 
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A new proof, independent of the theory of gp. functions of 
an infinity of variables, was given by Bochner. He uses the 
idea of a “ special set " of a.p. functions, i.e. a set tlffoughout 
which the properties of continuity and almost-periodicity hold 
uniformly. If such a set converges in mean square to /(*), 
then it converges uniformly to f(x) in the ordinary sense. Now 
we can find special sets of finite sums which converge in mean 
square to /(«), by a method analogous to that of Fej^r for 
summing ordinary Fourier series. This gives the result again. 

A third proof, the most elementary of all, is due to Weyl. 
He considers the integral 

Ms + t)x{t)dt 

where /p(s) - f{s) - T A„ 

and x{i) is equal to i /2S in the intervals {t„ — S, t, + B) and 
is zero elsewhere, the numbers Xn being a relatively dense set 
of translation numbers of /(*). It follows from the funda¬ 
mental theorem that the above integral can be made arbitrarily 
small by choice of p. But the part of the integral which comes 
from /(s) is approximately equal to /(s), while the remainder 
is a finite trigonometrical sum of the required form. 

Still another method of defining a.p. functions was given 
by Bochner. A continuous function /(/) is a.p. if from any 
sequence of functions of the form 

+ Ai), + A|), . . — 

it is possible to select a subsequence which converges uniformly 
for all values of /. This definition, apparently quite new, leads 
to exactly the same class of functions as the previous ones. 

Bohr's third memoir is on analytic a.p. functions, and 
connects the theory with that of Dirichlet series. An analytic 
function /(s) of the complex variable s - <r +«/ is said to be 
a.p. in the strip a < or < /? if it is an a.p. function of t for all such 
values of o-, and if the functions /(<r + ii) form a special set in 
the sense already defined. By the real-variable theory, each 
such function has a Fourier expansion 

It is a simple exercise in contour integration to prove that 
the exponents are the same for ail values of <r, and that 
Air’ - A, where A» is independent of cr. Thus 

A, 
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for all values of v in the strip. Thus the series on the right 
reduces to something like the ordinary Dirichlet form. 

Actually we need assume (explicitly) much less about f(s) 
than we have done. The same results hold if f{s) is an analytic 
function, bounded in the strip, and a.p. along one line a^tr, 
in the strip. 

The expansion we have obtained is a generalisation of that 
of Laurent for periodic functions. If f{s) is periodic in the 
strip with period ip, its Laurent series 

flB QO 

coincides “substantially” with its Dirichlet series, i.e. apart 
from the order of the terms, and the possible occurrence of 
zero-terms in the Laurent form. 

The uniqueness theorem has an obvious extension to analytic 
a.p. functions. Its later developments are much less obvious. 
The final form of the theorem (Bohr 5) is as follows : let Fi(/), 
Fi( 0 » be two a.p. functions, whose Fourier series 

I Bn -TC, V 

correspond, in the sense that they have the same exponents, 
and 

Bn - An Cn ■> An 

where the A» are constants. Then there is a function /(s), 
continuous in <r, <r ^ <r* and analytic inside the strip, and a.p. 
in the strip, such that 

i^»W-/(«^i + *0.F.(0-/(<r. + t0. 

The problem whether an analytic function f{s) can be 
regular for ^ o- ^ <r, and a.p. along «r •» <r, and a = <r„ without 
being a.p. in the strip, is unsolved. The answer is, of course, 
in the negative if the function is bounded, or even if it satisfies 
a fairly wide inequality. 

Returning to the real-variable theory, we have still to 
consider the problem of the convergence ^or summability) of 
the Fourier series. The problem is complicated by the fact 
that the exponents A» are not necessarily spaced out like those 
of an ordinary Fourier series : in fact they may be everywhere 
dense ; they may, for example, consist of all rational numbers. 
Suppose, however, that there are gaps ; suppose, for example, 
that there is a sequence of indices nti, mi, . . . such that for 
every k 

+ i •** Amu ^ 

Then the partial sums of the Fourier series which end at 4 ih» 
Am,, . . . behave in the same sort of way as the partial sums 
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of an ordinary Fourier series, and the classical tests for con* 
vergence and summability can be extended at once to sequences 
of partial sums of this t3rpe. This follows from the fact (exten¬ 
sion of Fej^r’s integral) that 

— QO 

is an a.p. function, whose Fourier series is 

Now o’a(x) -*■ f{x) at every point where f{x) is continuous. 
This gives " summability Ci ” if the numbers have no 
limit-point except at infinity. Otherwise the series by which 
we approximate are themselves infinite. 

Similarly we discuss the convergence problem by considering 
the integral (extension of Dirichlct’s integral) 

e / \ I f*j/ . ,vsin(2\+i)/ sin/j, 

J ~ ~T ^ ' 

Bohr-Fourier series in which the exponents satisfy certain 
special conditions have some remarkable properties. If the 
exponents An are linearly independent, t.e. if there is no 
relation of the form 

riAi + . . . + r« A,^o, 

where the r„ are integers, not all zero, then the Fourier series 
is absolutely convergent. Another condition for absolute 
convergence is that all the Fourier coefficients should have 
the same sign. 

If the Fourier exponents are bounded, i.e. if a ^A„^b for 
all values of n, then the generating function is an integral 
function ; in fact, an a.p. function with bounded exponents 
is very much like a Fourier integral with finite limits. 

So far all the functions which we have discussed have 
been continuous. The theory was extended to discontinuous 
functions by Stepanoff and Wiener. A function /(*) is almost 
periodic in Stepanoff’s sense (a.p. S.), if it is finite almost every¬ 
where and measurable, and if to any positive e corresponds 
a relatively dense set of numbers t, such that j f(x + t) 
except for a set of values of x whose measure, in any interval 
of length /, is less than c. This definition is too general to 
lead us very far. A function which is integrable in Lebesgue’s 
sense over any finite interval, and such that, given e>o, we 
can find a relatively dense set of numbers r such that for all a 
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is said to be a.p. S. i. Any such function has a Fourier series 
of Bohr's type. 

A still more interesting class of functions (a.p. S. 2) is ob¬ 
tained by supposing that \f{x)\* is integrable over any finite 
interval, and that 

j f{x + t) -fix) dx^e 

for all a and a relatively dense set of numbers t. This defini¬ 
tion is equivalent to that given by Wiener. If a function is 
a.p. S. 2, it is a.p. S. i, and so has a Fourier series. But in 
the S. 2 case we have also the analogue of Bohr’s fundamental 
theorem, that 

r|A„|*-M{|/(ic)|*}. 

The Stepanoff class S. 2 therefore includes Bohr’s class, and 
preserves one of its most important properties. 

It is natural to ask at this point whether we can prove a 
converse theorem of the Riesz-Fischer type, that is, if 2 r|A«|' 
is convergent, whether there is a function /(*) which generates 
the series £ A„ «’'»*. It was proved by Besicovitch that there 
is such a series which does not correspond to any function of 
the class S. 2 ; but he showed that a function of a certain 
more general class always corresponds to such a series. A 
function f(x) is a generalised a.p. function in Besicovitch’s 
sense if there is a set of a.p. functions Sj(»), Si(*), . . . such 
that 

Urn fim 1 r Ux) - Snix) dx - o. 

To every such function correspond a Fourier series £ A, 
such that 

2 riA«|'-M{|/(;r)|*}; 

and to every series T Ab***"* with Z" |An|' convergent corresponds 
one such fun(;;|;ion, if we do not consider functions /(x), gix), 
such that 

ilTi T f ® 

as distinct. 

We may note finally that Bohr’s theory has already found 
applications in the theory of differentia] equations. 

The following are the principal papers which have hitherto 
appeared on the subject: 

H. Bohr (1) (a) (3), *' Zur Theorie der fastperiodischen Punktionen," Acta 
Math., 45 (1924), 29-127 : 48 (1925). 101-214; and 47 (1925). 237-281. 
(4) " Ein^ SitM fiber Foorierreihen faatperiodischer Fnoktionea," Math. 

Zaittehrifi, 88 (1925)* 38-44< 
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(5) **Si2r le Th^ortoie d'nsiciM dana la throne des Fonctiona praaque 
P6riodiqu68/’ Bull, Sci$nc$s Malh, (a), SO (1926), 1-5. 

(6) On the Explicit Determination of the Upper limit of an Almost Periodic 
Function," Journal London Math, Soc., 1 (1926). 

(7) " Ein Satz ttber analytisch Fortsetzung fastperiodischer Funktionen/' 
Journal fUr Math,, 167 . 61-5. 

H. Bohr and O. Neugebauer, " Ober lineare Differentialgleichungen mlt 
konstanten Koefhzienten und fastperiodischer rechter Seite," Gdtting&r 
Nachrtchten, 1926, 1 - 18 . 

A. Besicovitch and H. Bohr, (x) " Some Remarks on Generalisations of 
Almost Periodic Functions," Danske Vtdensk Sehkah,, 8 (1927), No, 5. 
(2) " On Almost Periodic Properties of Translation Numbers," Journal 
London Math, Soc,, 8 (1928), 172-6. 

A, Besicovitch, " On Generalised Almost Periodic Functions," Proc, London 
Math, Soc, (2), S 5 (1926), 495-512. 

S. Bochner, (x) " Sur les fonctions presque p^riodiques de Bohr," CompUs 
Rendus, 180 , 1156. 

(2) (3) " Bcitr&ge zur Theorie der fastperiodischen Funktionen," Math, 
AnndUn, 66 (1926), 119-47 and 383-409. 

(4) " Uber Fourierreihen von fastperiodischer Funktionen," Berliner Sitzungs^ 
berichte, 26 , 1926. 

(5) " Properties of Fourier Series of Almost Periodic Functions," Proe, 
London Math, Soc, (2), 26 (1927), 433-52. 

(6) " Konvergenzs^tze fiir Fourierreihen grenzperiodischer Funktionen," 
Math, Zeitschnfi, 27 (1927), 187-2XX. 

J. Favard, " Sur les Equations diff^rentielles hn6aires k coefficients presque 
p^riodiques," Acta Math,, 61 (1927), 31-Bi. 

E. H. Linfoot, " Generalization of Two Theorems of H. Bohr," Journal 
London Math, Soc,, 8 (1928), 177-82. 

W. Stepanoff, " Ober einige Verallgemeinerungen der fastperiodischen 
Funktionen," Math, Annalen, 86 (1926), 473-98. 

G, Szegd, " Zur Theorie der fastperiodischen Funktionen," Math, Annalen, 

96 (1927). 378-82. 

H. Weyl, " Integralgleichungen und fastperiodische Funktionen," Math, 
Annalen, 87 (1927). 338. 

N. Wiener, (x) " On the Representation of Functions by Trigonometrical 
Integrals." Math, Zeitschnft, 24 {1925), 575-6x7. 

(2) " The Harmonic Analysis of Irregular Motion," J, Math, and Phye,, 
Massachusetts Institute of Technology, 1926. 

(3) " The Spectrum of an Arbitrary Function," Proc, London Math, Soc, (2), 
27 (1928), 487-96. 

ASTBOSrOMT. By W. M. Smart, M.A., D.Sc , Observatory, Cambridge. 

In the Publications of the Washburn Observatory (University 
of Wisconsin^, voL xv, Professor Joel Stebbins describes his 
long and patient work on the photoelectric photometry of the 
stars. Guthnick, Rosenberg, and Stebbins are the three 
pioneers in this difficult branch of practical astronomy, and the 
volume under consideration presents a vivid account of the 
immense instrumental difficulties encountered, the slow pro- 
gress made in overcoming them, and the final successes with 
variable stars achieved. A large proportion of Stebbins* 
accurate work was done with a quartz cell, which displayed 
fewer idiosyncrasies than the many glass cells used In the 
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preliminary experimental work. The apparatus attached to 
the telescope consists essentially of two parts, ^i) the cell, 
of which the photoelectric metal (sodium, potassium, etc.) is 
maintained at a high potential depending on the characteristics 
of the particular cell, and (2) a sensitive galvanometer or 
electrometer with which to measure the photoelectric current 
resulting from the action of the starlight on the metal of the 
cell. The electrometer in Stebbins’ apparatus is of the 
" string ” variety. The main features of the Wisconsin 
instrument, which is attached to the 15-inch refractor, are 
illustrated in a photograph. If the sensitivity of such an 
installation is expressed in terms of volts per second produced 
by a star of-standard brightness (this is taken to be of magnitude 
1*0 and spectral type Ao), Stebbins’ instrument gives as the 
result 3 volts per second, which means a sweep of the electro¬ 
meter thread across a field of forty divisions (on an arbitrary 
scale) in one-third of a second ; a seventh magnitude star of the 
same spectral type produces a sufficiently rapid drift of five 
divisions in ten seconds. For still fainter stars the irregular¬ 
ities of the apparatus become more important in relation to 
the current to be measured, and accordingly 7-0 represents 
approximately the limiting magnitude which can be usefully 
observed. The question of atmospheric absorption is discussed ; 
this is naturally of great importance (magnitudes are measured 
to the third decimal place) when there is a marked difference 
in altitude between the variable star and the comparison star, 
which latter serves as a standard of reference by which the 
magnitude changes of the variable can be measured. The 
accuracy with which the differential observations can be made 
with the apparatus is represented by a probable error of 
± 0*012 m. for a single observation. Stebbins ^ives a list of 
235 stars observed between 1916 and 1926 ; it includes vari¬ 
ables and suspected variables together with the comparison 
stars. Most of the former stars are spectroscopic binaries ; 
the closer the*binary, the greater is the chance that it is also 
an eclipsing binary. Over a score of spectroscopic binaries 
have been discovered by Stebbins to be variable, and the 
resultant knowledge of these systems is of very great value. 

In the 38/A Annual Report of the Astronomer Royal for 
Scotland (1928), Professor Sampson notes that considerajsle 
progress has been made in respect of the new equipment which 
has been authorised by H.M. Treasury. The contract for the 
36-inch reflector has been let to Messrs. Grubb, Parsons & Co., 
and for the spectrograph to Messrs. Adam Hilger, Ltd. The 
programme with the 6-inch photovisual telescope in the 
spectroscopic observation of stars down to the third ma^itude 
has been continued ; from the observations the distribution 
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of enei^y over their spectra is measured, and hence the 
effective temperatures can be deduced. The study of atmo¬ 
spheric absorption as it affects this work has also been 
continued. 

In Monthly Notices R.A.S., 88, p. 548 (May 1928), Dr. J. A. 
Carroll contributes an interesting paper on “ The form of an 
absorption line in the spectrum of a rotating or expanding 
star.” The observed spectrum is of course the integrated 
result from each element of the stellar surface: if the star is 
expanding or rotating, the line of sight velocity varies from 
element to element of the surface, and consequently the position 
and relative intensities within the absorption lines ma^ 
be anticipated to be affected. Carroll also includes in his 
discussion the effect of darkening towards the limb. The case 
of an expanding star may be briefly mentioned—for any 
likely velocity of expansion, the absorption line is merely 
displaced without any change in its form. But in the case 
of a rotating star, although the centre of the line is undisplaced, 
the line is broadened and its intensity depth reduced by an 
amount depending on the equatorial velocity of the star (or 
rather the component in the line of sight). If the distribution 
of intensity within an absorption line can be measured, it is 
possible, by applying the formula; of the paper, to deduce the 
star’s rotational speed. Carroll has examined several spectra, 
but he concludes that so far there is no evidence of stars 
rotating with an equatorial velocity greater than 50 kilometres 
per second. The method is, however, likely to be given an 
extended trial as soon as more refined photometric measure¬ 
ments are available. 

Contribution No. 356 from Mt. Wilson Observatory by A. 
van Maanen records the results of the tenth series of parallax 
determinations. This work was originally begun in 1913 for 
the express purpose of providing adequate material to Dr. 
Adams and his associates in connection with the new method 
of estimating the distances of the stars from certain character¬ 
istics in their spectra, these characteristics being standardised 
by means of stars of known parallax and spectral tjrpe. In 
fourteen years, 250 fields have been photographed and 
measured, and the distances of 277 objects determined. These 
figures give some idea of the rate of progress attainable in this 
fundamental department of astronomy. It should be added 
that practically the whole of this work has been done by Dr. 
van Maanen alone. At different times, the originally planned 
programme has been extended by the inclusion of special 
classes of objects, amongst which we may mention the following: 
(a) faint stars with very large proper motions. The most 
noteworthy of the twenty stars of this class is Wolf 359 whid). 
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with the exception of the triple system of a Centauri and 
Barnard’s star, is our nearest stellar neighbour. With plausible 
assumptions its mass is estimated to be one-tenth that of the 
sun, its volume approximately that of Uranus, and its density 
about two thousand times that of water ; {b) eclipsing variables ; 
(c) Cepheids ; {d) long-period variables ; {e) M-type stars with 
absolute magnitudes possibly intermediate between the hitherto 
well-separated giant and dwarf groups. Two suspected stars 
were measured and found “ not guilty ” of tampering with the 
giant and dwarf classification ; (/) novae, and finally {g) planetary 
nebulae. The mean absolute magnitude of the last objects 
is very much on a par with the mean absolute magnitude of 
the novae at minimum, and van Maanen adds that this agree¬ 
ment would appear to strengthen the belief that planetary 
nebulae are old novae, a belief which is based both on the 
resemblance of their spectra and on the fact that in a few 
instances nebulae have been observed to form around novae. 
The objections to this point of view are also examined. 

In Contribution No. 357, van Maanen discusses the systematic 
errors, depending on right ascension, in modern trigonometrically 
determined parallaxes. The material discussed is restricted 
to the recent series of observations made at the Alleghany, 
Dearborn, Greenwich, McCormick, Mt. Wilson, Sproul, and 
Yerkes Observatories. Such errors have very probably a 
seasonal origin, and the causes tentatively suggested are the 
fatigue of the observer, the fatigue being supposed to be 
different in summer from that in winter with its long cold 
nights, errors in the driving clock which are likely to be different 
in the evening and morning observations and in winter and 
in summer, differences in seeing which again will have a 
diurnal and seasonal variation, and the differences in galactic 
latitude of the fields observed, for when the field is in or near 
the Milky Way, the comparison stars can be chosen sufficiently 
near the parallax star, thus tending to mitigate the effects 
previously notad. Some of these causes may be expected to 
give a twelve-hour, some a twenty-four hour effect (in right 
ascension). The standards of reference in van Maanen’s 
discussion are taken to be the spectroscopic parallaxes which 
are not likely to be influenced by the causes already mentioned. 
Van Maanen’s analysis of the available parallaxes points 
strikingly to the existence of systematic errors which are 
functions of the right ascension. He then gives a table of 
corrections to be applied to the observed parallaxes in each 
hour of right ascension for each of the seven observatories ; 
the range in the corrections (to two places of decimals) is found 
to be 0*01' for Mt. Wilson and Alleghany parallaxes, o-os* 
for Dearborn, and 0*03' for the remainder. 
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Harvard College Observatory Circular No, 317, by H. Shapiey 
and C. H. Pa3rne, is entitled “ Spectroscopic evidence of the 
fall of meteors into stars.” Arguing from the enormous num* 
bers of meteors in the solar system, of which the daily catch 
by the earth alone must be reckoned in thousands of millions, 
the authors estimate that at least two thousand tons of 
meteoric matter fall into the sun per second. A short digression 
on the evolutionary history of the stars follows. It is known 
that the radiation of heat and light from the sun is equivalent 
to a diminution of four million tons per second in its mass ; 
in rich nebulous regions such as Orion and the Pleiades, the 
accession of mass to a star, by the infall of meteors (assuming 
that the ” nebulous ” matter is mainly meteoric in charactei^ 
might well counterbalance or possibly exceed the loss of mass 
by radiation, with the result that in such regions the stars 
may very well grow in mass and ” youth ” for long periods 
of time, thus reversing or suspending what is believed to be the 
normal process of evolution. 

The constitution of comets is mainly meteoric, and the 
characteristic radiation of these objects is composed chiefly 
of emission bands of cyanogen, carbon-monoxide, and the 
Swan spectrum. Meteors falling into a star would, when first 
volatilised, give rise to an absorption spectrum ,* in particular, 
the stellar spectra ought to show the cyanogen absorption 
bands. But such bands would be displaced considerably to 
the red owing to the Doppler effect; in the case of the sun the 
parabolic velocity at the solar surface is about 600 kilometres 
per second, and this figure may be taken to be as the order of 
magnitude for the velocity of meteors at or near the surfaces 
of the stars in general. The actual Doppler displacement will 
of course depend on the stellar mass and radius (or rather the 
distance from the centre at which absorption becomes effective). 
Four years ago the absorption bands of cyanogen were detected 
in the spectra of several early type stars, stars so hot that a 
band spectrum of molecular origin, such as is found in the 
spectra of the cooler stars, would seem at first sight to be 
outside the bounds of possibility. It is believed by the authors 
that this spectroscopic information can be interpreted by the 
perishing of meteors in the environs of the stellar sumces. 
Further spectroscopic evidence is adduced ; in several O, B, 
and A type stars, in which the cyanogen absorption is strongest, 
some forty ultimate and low excitation lines of iron and magne¬ 
sium (two of the chief constituents of meteors) in the r^on 
from 0‘356 /u to 0'388 ;a are in evidence as a diffuse band ; owing 
to the high temperatures of these stars such lines cannot of 
course be a reversing layer phenomenon. It should be 
mentioned that the stellar spectra considered have been 
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analysed by a self-registering microphotometer; the features 
of the spectra already mentioned cannot in general be detected 
by visual examination. The authors conclude with some 
general observations, of which one may be mentioned. If the 
phenomena are correctly interpreted as due to the falling of 
meteors into the stars, the displacement of the head of the 
cyanogen band, for example, will give the maximum velocity 
of the in-falling meteors, which will yield a relation between 
the masses and the radii of the stars concerned. 

A publication that ought to prove of great benefit to 
astronomers engaged in numerical computations dealing with 
planetary orbits has just appeared from the Astronomischen 
Rechen-lnstitut at Berlin-Dahlem. It is Publication No. 46 
from that institute, and is entitled “ Tafeln der elliptischen 

Coordinatem C = - cos v und S = - sin » filr Exzentrizitats- 

d d 

winkel von 0° bis 25°.” It has been compiled under the direc¬ 
tion of Dr. G. Stracke. 

Acta Astronomica Ser. A, Vol. I (of Cracow Observatory) 
contains the reduction by Dr. Eugene Rybka of 204 occulta- 
tions of stars by the moon observed at the Observatories of 
Cracow, Warsaw, and Lwow during the period 1901-22. 
The material is intended for a systematic investigation of the 
moon’s motion, and has been worked up as far as the equations 
of condition. From additional observations it is hoped to make 
later a complete solution. The author points out the impor¬ 
tance of the limit irregularities of the moon, and urges a plea 
for additional information to supplement Hayn's hypsometrical 
maps of the moon which, based on photographic observations 
between 1908 and 1912, are hardly sufficient for the problem 
in hand. 

In the Astronomical Journal No. 903 (June 2, 1928), 
Professor K. Hirayama contributes a “ Note on an explanation 
of the gaps in the asteroidal orbits.' ’ The conclusion with which 
the author joina issue is that reached by Dr. A. Wilkens, whose 
work was published in Sitzungsberichte d. Bayer. Akad. (1927). 
Wilkens had considered an idealised dynamical problem : he 
assumed that Jupiter’s orbit is circular, and that initially an 
asteroid is moving in a circular orbit with a mean motion 
exactly twice that of Jupiter. At the beginning, then, the 
asteroid is in the middle of what is known as the 2/1 gap. 
The variation of the asteroidal orbit has been followed by 
Wilkens step by step by the laborious method of mechanical 
integration for eighteen revolutions of Jupiter. This com¬ 
putation shows that both the mean motion and eccentricity 
increase gradually, and attain the following maximum values : 
n tm 609*; e •- 0*1046. Wilkens’ conclusion is that the asteroid, 



393 SCIENCE PROGRESS 

originally in the centre of the 3/1 gap, is removed by Jovian 
p^urbations to its border, and remains near the border 
without returning to its original position. This is the con* 
elusion from which Hirayama dissents. His argument is based 
on this : the variations of the mean motion and the eccentricity 
are governed by the values of the sine of the critical argument 
{/ — 2/' + w), and hence, if the sign of the argument is changed, 
the variations become opposite in sense ; the asteroid must then 
return to or near its original position. Hirayama asserts his 
conviction that if Wilkens had continued his mechanical 
integration up to thirty-four revolutions of Jupiter he would 
have completely altered his conclusions. 

In the July number of Science Progress (1928) it was stated, 
with reference to the Lick Observatory Catalogue of Radial 
Velocities, that “ not less than 15,000 spectrograms were taken 
and measured.” Dr. Aitken writes me to say that 1 have 
omitted to mention the 10,300 spectrograms taken at the Lick 
station in Santiago, thus failing to give a correct impression 
of the immense work contributed by the Lick astronomers to 
this important branch of astronomy. 


VMTSICS. By L. F. Bates, B.Sc., Ph.D., F.ln8t.P., University College, 
London. 

Important New Experiments in Radiation .—In his address to 
the South Indian Science Association {Ind. Journ. of Phys., 2 , 
p. I, 1928), C. V. Raman gave an interesting account of 
experiments, carried out at Calcutta, which established the 
existence of a new type of radiation. For some years, Raman 
has devoted considerable attention to the phenomena of the 
scattering of light by transparent media, and the first evidence 
of the new radiation was obtained when Raman and Seshagiri 
Rao, on examining the light scattered transversely by distilled 
water, found that the polarisation of the scattered light 
decreased very markedly when a violet filter was placed in the 
path of the incident light. The same effect was observed with 
ethyl and methyl alcohol, and it was further noted that the 
colours of the light scattered from the various liquids did not 
exactly match. The observations were carried a stage further 
by Ramanathan (Proc, Ind. Assoc. Set., 8 , p. 190, 1923), who 
concluded that ” some slight fluorescence ” accompanied the 
scattering of the light, and that this fluorescence was not due 
to the presence of chemical impurity in the transparent medium. 
Following these eneriments, Venkateswaran found that when 
ultra-violet light mil upon pure dry glycerine, the scattered 
light was strongly polarised. Raman concluded that these 
results pointed to the existence of a phenomenon which he 
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described as " the optical analogue of the Compton effect 
observed with .scattered X-rays.” This description was some¬ 
what unfortunate ; however, the whole subject was re-examined 
in the light of this conception, and some eighty liquids were 
examined in order to determine whether the phenomenon was 
universal. In these experiments a powerful beam of sunlight 
from a heliostat was concentrated by a telescope objective 
combined with a short focus lens, and passed through a blue 
violet filter into a bulb of carefully purified and dust-free 
liquid. The scattered light was viewed through a filter of 
green glass complementary to the first filter, and in every case 
the track of the beam of light in the liquid was visible. The 
phenomenon tljus observed and that of ordinary fluorescence 
were immediately found to differ in two ways. Firstly, the 
intensity of the secondary radiation was of an entirely different 
order, and, secondly, the radiation transmitted by the comple¬ 
mentary filter was often polarised almost as strongly as light 
scattered in the familiar manner, whereas ordinary fluorescent 
light is usually unpolarised. The phenomenon was also 
observed with the gases COj and NjO, with transparent 
crystals, such as ice, and with amorphous solids. An observa¬ 
tion of the utmost importance was that when the incident 
light consisted of definite sharp lines, the scattered light 
contained the lines present in the incident beam, together 
with new lines which w'ere quite sharp. With some liquids 
a continuous spectrum was also observed. 

The explanation of the phenomenon given by Raman was 
that the new or modified radiation was produced in the 
following manner. A quantum of the incident radiation was 
partly absorbed by a molecule, which was thereby raised to a 
higher energy state, whilst the remainder of the incident 
energy reappeared as a quantum of scattered radiation of lower 
frequency than the incident radiation. Consequently, the 
difference in frequency of the incident and modified radiations 
should correi^ond exactly to a definite characteristic frequency 
of vibration of the molecule. Thus, for every line in the 
spectrum of the incident radiation, there should be present 
in the scattered radiation a set of modified lines, the number 
of modified lines in each set being equal to the number of 
characteristic frequencies exhibited by the molecule. An 
examination of the scattered radiation from benzene, toluene, 
pentane, ether, methyl alcohol and water by Raman and 
Krishnan {Ind. Journ. of Phys., 2 , p. 399, 1928) showed that 
these conditions were satisfied. Particular attention was 
devoted by them to the examination of the light scattered by 
pure benzene. The source of light was a 3,000-c.p. mercury 
vapour lamp in quartz, and the light was concentrated on to a 

36 
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bulb of clear, non-fluorescent glass containing the dust-free 
liquid, which had been carefully purified by low temperature 
distillation in vacuo. The measurements proved conclusively 
that each line in the spectrum of the incident light generated 
its own modified lines in the scattered light, independently of 
any other lines present. The modified lines were also found in 
definite positions with respect to the incident line which 
produced them. The relative intensities of the lines in a 
given set of modified lines did not appear to depend much on 
the frequency of the incident line. The most striking result, 
however, was that whilst most of the modified lines were of 
lower frequency than the incident line, some modified lines of 
higher frequency were also recorded. These, of course, must 
have been produced by the incidence of a quantum of radiation 
upon a molecule already raised to a higher energy level than 
the normal, so that the molecule was able to return to its 
normal state, the energy thus available being utilised in the 
emission of a quantum of modified radiation of higher frequency 
than the incident radiation. In the case of benzene, moreover, 
the frequency intervals of the modified lines with respect to 
the incident line were found to agree with the characteristic 
frequencies of the benzene molecule found by infra-red 
determinations. This was naturally a most important point, 
for it showed that the phenomenon was eminently suitable 
to form the basis of a simple method for the accurate 
measurement of the characteristic frequencies of molecules of 
transparent substances. 

R. W. Wood {Nature, 122 , p. 349, 1928) has verified 
Raman’s observations, using an improved apparatus which 
made it possible to photograph the strongest lines in a few 
minutes. He found “ anti-Stokes ” lines—i.e. lines of higher 
frequency than the incident lines—of intensity nearly equal 
to that of the modified lines of lower frequency in the case of 
chloroform and carbon tetrachloride. The latter gave a triplet 
on both sides of the 4046, 4358, and 5461 lines of mercury. 
Crystalline quartz exhibited a strong modified line corresponding 
to the absorption band at 20/i, and a faint modified line corres¬ 
ponding to an infra-red absorption at about 75 ft was found. 
So far, Wood has not found a line corresponding to the more 
familiar quartz absorption band at possibly because such 
a line would require comparatively large energy changes, and 
these are less probable than small energy changes. Many of 
the modified lines discovered by Raman were actually found 
to be double, when examined with Wood’s improved apparatus, 
and certain lines were distinctly banded, with a sharp, intense, 
long wave edge and shaded off towards the short wave side. 
In a letter to Nature ( 122 , p. 398, 1928) Saha, Kothaii, and 
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Toshniwal have pointed out that the theory of modified 
radiation accounts for the phenomena of resonance spectra of 
vapours of sodium, potassium, and certain halogens, described 
by R. W. Wood. The latter found that when these vapours 
were illuminated with monochromatic light, a partially polarised 
spectrum, containing the original line and a number of fine 
lines spaced at equal frequency intervals on both sides of it, 
was emitted in a direction at right angles to the incident beam. 
The frequency interval in the case of sodium was 145. Now, 
Pringsheim and his collaborators have shown that Na, molecules 
can exist in sodium vapour, and give rise to a characteristic 
band spectrum in which one of the most pronounced frequency 
intervals is 145, which may be identified with a characteristic 
frequency of vibration of the component atoms. When, 
therefore, the incident light traverses the vapour, such mole¬ 
cules give rise to modified lines corresponding to the energy 
difference between the excited and the normal states of the Na, 
molecule. 

It is therefore obvious that Raman's discovery has opened 
up a very wide field of investigation, and the progress of these 
researches will be watched with the greatest interest by all 
physicists. 

[Since the above account was written farther interesting papers on the 
Raman efiect by Pringriieim and Rosen [Zeit. fiir Phys., 50 , p. 741, 1928) and 
Sleeker {Zeit. fUr Phys., 50 , p. 781, 1928) have appeared. R. W. Wood 
{Phil. Mag , 6. p. 638, 1928) bias also described the efficient optical arrange¬ 
ments which he used to study the phenomena.] 


BZOOHXlEXSniT. By R. Keith Cannan, M.Sc., University College, 
London. 

The Physiological Action of Drugs .—^There have been many 
attempts to establish the quantitative relations between the 
concentration of a drug and the magnitude of the physiological 
response. In general, it has been found that the latter followed 
either a linear or a logarithmic function of the former. To 
explain the linear relation no ingenious theory is necessary, 
but to comprehend the logarithmic function it has been neces¬ 
sary to assume that individual cells differ in the threshold 
concentration of drug to which they respond. Alternatively, 
it has been suggested that the relation is due to the varying 
accessibility of the different parts of the tissue. N ow both these 
explanations make the implication that the action of the drug 
is an irreversible process. The activity of many drugs, how¬ 
ever, is known to be quantitatively reversible. For some of 
these A. J. Clark and his colleagues have been able to establish 
an interesting relation. Clark (/. Physiol., 1926, 61, 530) 
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first studied the action of acetyl choline upon the isolated 
ventricle and upon the rectus abdominus of the frog. Working 
over a wide range of concentration, he found that, in both 
cases, the relation of the response to the concentration of drug 
was given by 


where K is a constant, x is the concentration of acetyl choline, 
a is the maximum response which can be evoked, and y is the 
fraction of a which is given by experimental values of x. 
Clark points out that the results of Gaddum {J. Physiol., 1926, 
81 , 141) on the activity of ergotamine and of adrenalin on 
the uterus of the rabbit, conform to this equation in a fairly 
satisfactory manner. More recently D. Wilkie (J. Phamt. 
Exp. Thera., 1928, 84 , i) has continued these investigations. 
He finds that the same relation holds for the isotonic and iso¬ 
metric responses of strips of sheep’s carotid artery, for the rate 
of outflow of blood from the frog's aorta and for the rise in 
blood-pressure in the decerebrate cat—all under the influence of 
adrenalin. The physiological convenience of such a relation 
is pointed out. At the lower ranges of concentration of a 
drug or hormone—^where the responses elicited may be described 
as physiological—the magnitude of the reaction will be approxi¬ 
mately proportional to the concentration. As the latter in¬ 
creases, however, the sensitivity of the tissue to changes in 
concentration will progressively diminish. Clark suggests that 
the simplest explanation for the relation which has been found 
is that the reaction which governs the response is a reversible 
monomolecular process. Clark also points out that the actual 
amount of acetyl choline which became " fixed ” to the tissue 
was very small indeed. He calculates that a demonstrable 
response was elicited when only some 20,000 molecules of the 
drug were fixed to each individual cell. This amount was 
much too small to give even a monomolecular layer over the 
cell surface. 

Unsaturated Hydrocarbons in Animal Fats. —^Some account 
has recently been given in this review of the progress so far 
made in attempts to isolate vitamin A from cod-liver oil. 
Although the separation and identification of this nutritive 
factor have not yet been achieved, the endeavours have been of 
^eat interest. They have, for example, stimulated interest 
in the chemical composition of that ill-defined fraction of 
natural fats which is known as the unsaponi^ble fraction. 
Complex unsaturated alcohols and hydrocarbons have figured 
prominently in recent investigations of this material. Ten 
years ago Tsujimoto (/. Ind. Eng. Chem., 1916, 8, 889, and 
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tpao, 18 , 63) separated from fish-liver oil a substance which 
he identified as C^Hso and to which he gave the name squalene. 
Independently, Chapman (/. Chem. Soc., 1917, 111, $6 ; 1918, 
118 , 458 ; and 1923, 188 , 769) isolated a similar substance 
which he called spinacene, but which is probably identical 
with squalene. While Drummond, Channon, and Coward 
(Biochem. 1925, 19 , 1047) were fractionating the unsaponifi- 
able matter of cod-liver oil in the quest for vitamin A they 
found as much as 8 per cent, of this hydrocarbon present in it. 
More recently, Channon and Marrian {Biochem, J., 1926, 80 , 
400) found a hydrocarbon allied to squalene, but not identical 
with it, in the liver oils of a number of mammals. In an 
attempt to arrive at some idea of the physiological significance 
of such substances, Channon {Biochem. J., 1928, 88, 51) fed 
squalene to rats. He found that partial absorption occurred 
and that there was a rise in the amount of unsaponifiable 
matter in the liver fats of the experimental animals. Some of 
this was due to accumulation of squalene, but the greater part 
was due to an increase in the amount of cholesterol. This 
observation naturally led to the plausible suggestion that the 
precursor of cholesterol in the animal body may be squalene 
or some related structure. In this connection we are reminded 
of the fact that the same observer found that rats fed upon a 
diet free from cholesterol were able to synthesise it within 
their bodies {Biochem, J., 1925, 19 , 753). Cholesterol is one of 
those universal constituents of living tissues about whose 
origin, purpose, and destiny we have practically no information. 
The suggestions which have arisen as the result of the above 
investigations are, therefore, highly significant. 

The Chemistry of the Tyrosinase Reaction. —^T5T0sinase has 
figured long and prominently in discussions of enzyme activity 
and of biological oxidation. Its part in the production of 
that widely distributed group of natural pigments—the melanins 
—has long beon apprehended, but there have been no data upon 
which to base a rational theory of the chemical changes involved 
in the action of the enzyme on tyrosine. Even the chemical 
nature of melanin was little understood. This substance—-or 
group of substances—is found in hair, horn, feathers, retina, 
sun-bum, the skin of the pigmented races, and in melanotic 
tumours. It is a black colloidal material containing about 
8 per cent, of nitrogen. Now, as a result of an extended series 
of investigations in the laboratory of Raper we are able to 
acknowledge important contributions to these questions. The 
probable structural changes involved in the conversion of 
tyrosine into melanin have been determined with some pr^i- 
sion, leading, thereby, to a better understanding of the chemical 
nature of the latter substance. 
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Tyrosinase is most active between and 8. The 
first visible effect of its action on tj^osine is the formation 
of a “ red substance ” which then is slowly converted into 
melanin. Raper and Wormall {Biochem. 1923, 17 , 4S4> and 
1925, 19 , 84) observed that the rate of change of this inter¬ 
mediate into the black precipitate was a function of the pti 
being most rapid at the greater alkalinities. Taking advantage 
of the relative stability of the “ red substance ” in the more 
acid solutions they were able to separate it from the enzyme. 
They then found that its solutions underwent spontaneous 
decolorisation, even in the absence of oxygen. When air 
was readmitted to the colourless solutions, the black precipitate 
slowly formed. It was evident that the enzyme was necessary 
only for the early stages of the reaction. At that tirne, the 
view of Chodat and others was widely held that deamination 
of tyrosine accompanied the reaction. Happold and Raper 
{Biochem. J., 1925, 19 , 92) showed, however, that no ammonia 
was formed and produced other evidence that deamination 
did not, in fact, occur. A big step forward in the problem was 
made when Raper isolated from the decolorised solutions of 
the “ red substance ” three compounds which proved to be 
3-4-dihydroxyphenylalanine, 5-6-dihydroxyindole, and s-6- 
dihydroxyindole carboxylic acid. Raper and Oxford {J. Chem. 
Soc., 1927, 417) synthesised the two latter indole derivatives 
and demonstrated their identity with the products previously 
isolated. 

The substance 3-4-dihydroxyphenylalanine was found to 
form melanin with tyrosinase even more readily than does 
tyrosine and produced a red substance as an intermediate. 
There seems little doubt that the first change which is initiated 
by t3rrosinase is the formation of the ortho-quinone of t3rrosine. 
This conclusion is fortified by the observation that the enzyme 
also converts cresol and phenol into their respective o-quinones. 
Assembling all this and other evidence, Raper {Biochem. J., 
1926, 81 , 89 ; and Fermentforschung, 1927, 9 , 206) proposes 
the following scheme for the action of tyrosinase. The ortho- 
quinone is first produced. This is the only change for which 
the enzyme is indispensable. This substance then undergoes 
spontaneous tautomeric change to 3-4-dihydroxydihydroindole 
carboxylic acid. The latter then oxidises to the quinone 
which is supposed to be identical with the " red substance.” 
This undergoes further tautomeric change to s-6-dihydroxyin- 
dole carboxylic acid, and some of it, by loss of carbon dioxide, 
to s-6-dihydroxyindole. The two latter compounds may 
safely be assumed to be readily autoxidisable. It is believed 
that by oxidation and extensive condensation they pass into 
melanin. 
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The Acid-base Relations of Proteins .—^The reactions of 
proteins toward changes in the hydrogen-ion concentration of 
their solutions have been variously interpreted according 
as the chemical or colloidal character of the systems was 
the subject of emphasis. To-day, however, it is generally 
agreed that their reversible reactions with acids and bases are 
stochiometric and conform to the quantitative relations of 
electrolytic dissociation. Qualitative explanations in the 
language of colloid chemistry become superfluous once it is 
conceded that this is so, i.e. that simple ions freely permeate 
the protein micelle and establish equilibria with all the dis¬ 
sociating groups present. Biochemistry owes a great debt to 
J. Loeb for the striking experimental arguments by which he 
first popularised this conclusion. More recent work has but 
refined the proof and increased the precision of experimental 
technique. The acid- and base-binding capacities may, most 
adequately, be defined by mean.s of hydrogen electrode titration 
curves. The certainty of the method is limited only by the 
idios3mcrasies of electrodes in the presence of colloidal material 
and the difficulty of obtaining reproducible preparations of a 
protein. It must be remembered that there are no simple 
analytical criteria of the purity of a protein. Within these 
limitations, however, there is no doubt that the electrometric 
data establish the stochiometric reaction of proteins with 
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dilute adds and bases and their quantitative reversibility. A 
fairly recent review of this subject is that of E. Cohn {Physiol. 
Rev., 1925,8, 349 ). , , . . , 

If, then, proteins are to be regarded as weak electrolytes, 
the implications of recent developments in the theory of 
electrolytic dissociation must be followed up. It is well known 
that the anomalous behaviour of strong electrolytes has led 
to the replacement of the molecular concentration terms in 
the equilibrium constants of ionic equilibria by thermodynamic 
activities. It is agreed that the activity coefficient of an ionic 
species is a function of the total ionic strength of the solution, 
and the most adequate description of this relation is the familiar 
Debye-Htickel equation. In view of the wide importance of 
the eflFects of electrolyte concentration on protein behaviour 
an extension of the activity concept to embrace proteins is 
eminently desirable. The difficulty has been that no com¬ 
prehensive treatment of weak electrolytes in general has yet 
been made. Several attempts have nevertheless been made 
to determine the activity coefficients of proteins (Cohn, loc. cit. ; 
Sorensen, Lang and Lund, J. Gen. Physiol., 1928, 8, 543 ; and 
Stadie and Hawes, J. Biol. Chem., 1927, 74 , 31). More recently 
Simms (J. Physical Ghent., 1928, 88, 1121 and 1495) has carried 
out a detailed investigation of the question of the extent to 
which the activity coefficients of weak polyvalent electrolytes 
may be predicted from the Debye-HUckel equation. He dis¬ 
cusses, in particular, the simple amino-acids. In a further 
paper {/. Gen. Physiol., 1928, 1 , 613) the inquiry is extended 
to the case of the protein gelatin. It is not possible to sum¬ 
marise his argument here beyond the general statement that 
the result of the application of the activity theory is highly 
promising. His general conclusion may, however, be quoted. 
" The data indicate that gelatin is a weak polyvalent ampholyte 
having distant groups and that the molecule has an arborescent 
structure with interstices permeated by molecules of the 
solvent and of other solutes. The size and shape probably 
vary with p^.” 

In discussing the relation of proteins with acids and bases 
a matter of some formal importance deserves mention. The 
titration curves of the simple amino-acids exhibit a group 
dissociating in acid solution and another in alkaline solution. 
Since these substances form salts with acids only in acid solution 
and salts with metals only in alkaline solution it has become 
the custom to regard the group with a dissociation constant 
in the acid range of Pa as the amino-group and that with a 
constant in the alkaline range as the carboxyl. It followed 
that an amino-acid was present substantially as an undissoci¬ 
ated molecule in the Pn range around neutrality. It was 
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generally overlooked that this allocation of dissociation con¬ 
stants made both the carboxylic and the amino-groups only 
about 10“^ of the strength of the corresponding groups in the 
simple carboxylic acids and amines. Adams (1917) was the 
first to suggest that the usual allocation should be reversed. 
More recently, Bjerrum (Z. physikal. Chem., 1923, 104 , 147) 
has advocated the same view, emphasising the advantage of 
regarding the amino-acid in neutral solution as in the state of 
a “ zwitterion ” rather than of an undissociated molecule. 
There can be no doubt that the views of Bjerrum lead to a 
much more rational treatment of the general behaviour of these 
substances in solution. For example, for the determination 
of carboxyl groups in amino-acids, advantage has long been 
taken of the fact that alcohol and formaldehyde move the 
second dissociation constant of amino-acids some ^Pb units 
in the direction of greater hydrogen-ion concentration. Now, 
according to the old convention, this constant was that of the 
carboxyl group. That is to say, alcohol and formaldehyde 
should have been described as increasing the strength of carboxyl 
groups. We know quite well, however, that their effect is to 
suppress the basicity of the amino-groups. This and other 
facts fit comfortably into Bjerrum's treatment of the acid-base 
relations of the amino-acids, and this reorientation of the 
theory of their electrolytic dissociation should certainly be 
generally adopted. 

As a matter of fact, for many purposes, the treatment of 
ampholytes is greatly simplified by the new definition of acids 
and bases which we owe to Bronsted {Rec. trav. chim., 1923, 
48 , 718). This definition may be briefly put in the form 

acid — base -f proton (hydrogen ion). 

An acid is a molecular species which is capable of dissociating 
a hydrogen ion. A base is a structure capable of accepting a 
hydrogen ion.* Undissociated carboxyl groups and the cations 
of amino groups arc, thus, both to be regarded as acids, while 
carboxyl anions and undissociated amino groups arc to be 
described as bases. This description has many theoretical and 
practical advantages. 

One important aspect of the acid-base relations of proteins has 
been the light which their study has thrown upon the structure 
of the protein molecule in aqueous solution. According to the 
simple polypeptide theory of E. Fischer, a protein consists 
of long peptide chains formed by the union of amino-acids 
through their a-amino and a-carboxyl groups. Such a 
structure will, therefore, be an ampholyte. If monamino 
monocarboxylic acids alone are present the resulting molecule 
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will be monobasic and monaddic. In view, however, of the 
huge sire of the average protein molecule the actual equivalent 
combining capadties will be so small that negligible amounts 
of add and base will be bound. If diamino and dicarboxylic 
acids are also present, however, each of these will contribute a 
free basic or addic group to the polypeptide chain, unless 
branching of the chain or ring formation occurs. Under such 
simple conditions, then, the acid and base-binding capacities 
of the protein should be equal to the numbers of equivalents of 
dibasic and of dicarboxylic adds respectively which are con¬ 
tained in the molecule. In other words, the acid-combining 
capacity should equal the number of molecules of lysine, arginine 
and histidine present and the base-combining capacity should 
equal the number of molecules of aspartic glutamic and hydroxy- 
glutamic acids. Comparison of the titration data for a number 
of proteins with the amino-acid content (based upon the 
products of complete hydrolysis) has been made by Cohn 
(loc. cit.), with results which point quite definitely to the con¬ 
clusion that the simple polypeptide theory does, in fact, account 
for the acid-base relations with a fair degree of accuracy. 

Quite recently, the argument has been carried a step further 
by Simms (/. Gen. Physiol., 1928, 11, 629). Upon the assump¬ 
tion that the free groups in a protein have dissociation constants 
of the same order as those which they exhibit in the uncombined 
amino-acids to which they belong, he has determined the 
respective numbers of equivalents of these groups which must 
be present to give the experimental titration curve of the 
protein. The case of gelatin may be quoted in brief detail. 


Groups. 

Dicarboxylic acids . 
Histidine 
Arginine 
Lysine . 

Unknown basic group 


Approx. 

P 3 k. 

Equivalents present. 

Titration. Analysis. 

Diilefaiiea. 

3-5 

1-65 

x -75 

+ 01 

6*1 

' 015 

0*15 

o«o 

81 

1*2 

0*2 

- 1*0 

10*6 

I-O 

09 

- 0*1 

4-6 

0*0 

1*0 

-f 1*0 


The equivalents quoted are those for 2,500 gm. of gelatin. 
With the exception of arginine the agreement between the 
numbers of equivalents found by titration and the numbers of 
equivalents of the various tervalent amino acids which anal ysis 
has shown to be present is quite satisfactory. The titration 
data, however, indicate that there is very little of any basic 
group with a dissociation constant similar to that of the 
guanidine group in arginine. There is found, instead, an 
exactly equivalent amount of a weaker basic group with a ^ 
of about 4-6. Simms suggests that arginine exists in protem 
chiefly in a tautomeric form. When we remember the 





BIOCHEMISTRY 403 

anomalous character of the guanidine group in many of its 
derivatives we have small cause to quarrel with this decision. 
Simms also analysed the titration curves of edestin and egg- 
albumin and found the same general agreement and the same 
specific anomaly in the case of arginine. 

A short account was given in this review, a year ago, of 
the arguments of those schools—particularly that of E. Abder- 
halden—which do not favour the simple polypeptide theory 
of protein structure. In their view, diketopiperazine or other 
ring systems are prominent features in the architecture of the 
protein molecule. The evidence assembled was acknowledged 
to be interesting in detail and telling as a massed argument, 
but was, at the same time, open to serious criticism. It was 
based entirely upon qualitative analytical methods which 
involved very drastic treatment of the protein, and it was open 
to question whether the results provided any useful information 
on the question of the nature of the protein molecule in aqueous 
solution. From the biological point of view it is the behaviour 
of protein in solution and its reactions to acids and bases which 
are the important questions, and it is therefore significant 
that the results which have been here discussed make it difficult 
to believe that any considerable proportion of the “ third " 
groups of the tervalent amino acids can be bound in peptide 
links in those natural proteins investigated. If this is so, 
there does not seem to be any room for extensive branching 
or ring formation of the polypeptide chain unless some other 
form of linkage be brought into function. Of such there is 
no consistent evidence, though the presence of a variety of 
alternative forms of union of amino acids has been suggested 
from time to time. The criticism of all of these is that they 
have not led anywhere.* 

One case may be referred to. Various workers have 
reported discrepancies between the numbers of carboxyl and 
amino groups liberated during digestion of a protein by pepsin. 
The methods employed have been the Van Slyke method of 
determining amino groups on the basis of their reaction with 
nitrous acid and various modifications of the alcohol or formalin 
titrations of carboxyl groups in amino acids. The question 
has recently been revived by Steudel and Ellinghaus (Z. physiol. 
Chem., 1927, m, 84 ; see also Steudel, Ellinghaus, and Gotts- 
chalk, tWrf., 1926, 164 , 21 and 198), who found a variable 

* After this review had gone to press a highly important article upon the 
structure of proteins was pubHshea by H. B« Vickery and T. B. Osborne 
(Physiol JRiview, 1928, 8* 393). After a detailed review of various hypo¬ 
theses they conclude that " the peptide theory, in spite of shortcomings, is 
still the foundation-stone of protein chemistry. The future development of 
jmotein structure theory may be most confidently looked for in the 
direction of the expansion of the peptide hypothesis.^* 
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excess of carboxyl groups set free over the amino groups 
simultaneously liberated in the digestion of a variety of proteins 
by pepsin. This result naturally led to the suggestion that 
there were present, in the original protein, linkages other than 
those between a-amino and o-carboxyl groups of the con¬ 
stituent amino acids. The experimental results are, however, 
challenged by a number of other laboratories. Sorensen and 
Linderstr0m-Lang {C.R Carlsberg. Lab., 1027, 17 , No. 4, i, also 
Sorensen and Katschioni-Walther, Z. pAy.sto/. Chem., 1928, 174 , 

251), found the ratio to be consistently unity when the 

methods of determination were rigidly controlled. They 
discuss the many causes of error when the methods above 
referred to are applied to the analysis of proteins without 
special modifications. Several other authors report results in 
agreement with those of Sorensen (Waldschmidt-Leitz, Schaffner 
and Grassman, Z. physiol, Chem., 1926,168, 68 ; Waldschmidt- 
Leitz and Simons, ibid., 1926, 156 , 99 ; and Felix and Harte- 
neck, ibid., 1927, 166 , 103). In this connection mention may 
be made of a recent electrometric study of the progress of the 
peptic digestion of gelatin carried out in the writer’s laboratory. 
The increases in acid- and base-binding capacities were found 
to be equal at all stages of the digestion. Moreover, the 
approximate values of the liberated groups were of an 
order to suggest strongly that these were a-amino and a-carboxyl 
groups of the constituent amino-acids. 


nCTSIOAIi OKZMISTBT. By R. K. Schofield, MA.. Ph.D., 

Rothamsted Experimental Station, Harpenden. 

Chemical Kinetics in Homogeneous Systems—Gaseous Reactions. 
—^Those who have persevered in the study of reaction velocity 
in gaseous systems are to be congratulated on having at length 
obtained results the interpretation of which seems reasonably 
clear. On account of the numerous cases in which traces of 
*' impurities ” and the walls of the reaction vessel were found 
to have a catal3rtic effect, the very existence of a true homo¬ 
geneous gaseous reaction was at one time held to be doubtful. 
The substantial agreement of the results of a number of investi¬ 
gators who had made independent studies of the decomposition 
of nitrogen pentoxide (ci. Science Progress, 1926, 81 , 35) 
effectively dispelled this doubt. 

More recently Rice and Getz {Physic. Chem,, 1927, U, 
1572) have made a very complete study of this reaction. They 
found the velocity constant of this unimolecular decomposition 
to be unaffected by the presence (or absence) of water vapour, 
nitric acid or dust particles, and to be independent ox the 
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mode of preparation of the nitrogen pentoxide. Hibben {Proe. 
Nat. Acad. Sci., 1927, U, 626) finds this constant to have the 
same value from o>2 to 0*002 mm. pressure as was found at 
normal pressures by previous workers, and so fails to confirm 
the observation made by Hirst and Rideal that k increases at 
very low pressures. 

It will be recalled that the theory of F. A. Lindermann 
{Faraday Soc. Trans., 1922, 17 , 598) requires a decrease in k 
at sufficiently low pressures. On this theory the molecules 
of a gas which reacts at a rate proportional to the first power 
of its concentration are so constituted that, after receiving a 
critical increment of energy through an unusually violent 
collision, they must pass through some internal phase before 
reaction occurs. Except at very low pressures the majority 
of these activated molecules lose their extra energy by a second 
collision before the phase is complete. Thus although activated 
molecules are produced at a rate proportional to the square of 
the concentration, the proportion that survive long enough to 
complete the internal phase and react will vary inversely as 
the concentration, i.e. directly as the average time that elapses 
between the molecular encounters, provided that this time is 
short compared with the time lag between activation and 
reaction. When the pressure is too low for this condition to 
be fulfilled, the reaction should no longer be unimolccular ; 
and the ratio of the reaction velocity to the concentration 
should fall off with decreasing pressure. It is of great interest, 
therefore, to learn that several reactions have now been found 
to show the effect predicted by Lindermann. The decomposi¬ 
tion of gaseous propaldehyde (Hinshelwood and Thompson, 
Proc. Roy. Soc. A., 1926, 118 , 221, and Hinshelwood and 
Askey, ibid., 1927, 116 , 163) follows the unimolccular law at 
high pressures, but the ratio falls off more rapidly when the 
pressure is reduced below 80 mm. A similar behaviour is 
found in the decomposition of dimethyl ether (Hinshelwood 
and Askey, ibi^., 1927, 116 , 215) and of diethyl ether (Hinshel¬ 
wood, ibid., 1927, 114 , 84), the rate falling off below 300 mm. 
in the former case and below 150 mm. in the latter. It was 
found with all three substances that, on adding sufficient 
hydrogen, the velocity coefficient does not fall off with decreasing 
partial pressure of the reactants. As the absolute value of 
the coefficient at higher concentrations is unaffected by the 
presence of the hydrogen, the effect cannot be chemical, and it 
IS reasonable to conclude with Hinshelwood that the hydrogen 
acts merely by keeping up the Maxwell distribution of energy 
among the molecules of the reacting gas, when the supply of 
activated molecules would otherwise begin to fall short of that 
required to keep the coefficient constant. It is noteworthy. 
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however, that the action of hydrogen seems to be specific; 
neither helium nor nitrogen has the same effect. 

The discovery by Hinshelwood and his co-workers of a 
number of cases of unimolecular decomposition in the gaseous 
state makes it clear for the first time that these substances 
(vie. NtOj, CHs.CO.CH,, C.H5 .CO.C,Hb, C,H..CH 0 ) have mole- 
cults which are large in comparison with those of the substances 
which give a bimolecular constant (viz. HI, C 1 » 0 , N| 0 ). Thus 
the suggestion arising out of Lindermann's theory, that the 
former require a longer time between activation and reaction, 
is seen to be reasonable in view of their more complex structure. 
The fact that complexity of structure is the essential factor in 
bringing about unimolecular decomposition is confirmed by a 
consideration of the absolute value of the reaction velocity. 
Christiansen (Proc. Camb. Phil. Soc., 1926, 88, 438) showed 
that in five out of the six known examples of bimolecular gas 
reactions the rate is given by the expression 

number of collisions X 

where E is the energy of activation. In the case of unimole¬ 
cular reactions, it has been shown (G. N. Lewis and D. E. 
Smith, J,A.C.S., 1925, 47 , 1508, and Fowler and Rideal, Proc. 
Roy. Soc. A., 1927, 118 , 570) that it is necessary to consider 
the internal degrees of freedom of the molecule as contributing 
towards the energy of activation in order to account for a rate 
many times larger than that given by the above expression, 
such as is found in these cases. In this way it has been calcu¬ 
lated that four modes of internal vibration may be involved 
on the decomposition of ether and six in that of propaldehyde. 

These researches suggest that, for the type of reaction 
under consideration, unimolecular and bimolecular rates are 
to be expected at either ends of a continuous range. The 
appearance of the former type is favoured by complexity of 
molecular structure and high pressure, the latter by simplicity 
of structure and low pressures. 

Acidic and Basic Catalysis.—A totally distinct class includes 
such classical reactions as the inversion of cane sugar and 
ester hydrolysis. These reactions which occur in solution are 
greatly influenced in rate by the presence of acidic and Wic 
catalysts. But in common with the above class they proceed 
at a perfectly reproduceable rate. Considerable advance has 
recently been made towards a better understanding of these 
reactions. The original idea of Arrhenius and Ostwald, based 
on the electrolytic dissociation theory that H’ and OH' ions 
are the sole catalysts in these reactions, and that the velocity 
is proportional to their concentration, has long been provM 
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inadequate. Neither the use of activities in place of concentra¬ 
tions, nor the dual theory in its cruder forms has succeeded in 
removing the difficulties. The new method of approach, 
which is mainly due to Brdnsted, is to recognise that the net 
action that occurs to the substrate is either the acceptance 
or loss of a proton (H‘) or its transference from one position 
in the molecule to another. Hence in the presence of molecules 
which are ready acceptors of protons and of others that are 
read;^ donors the prototropic change is facilitated, and the 
reaction catalysed. In acid catalysis by a strong acid the 
molecule H ,0 can accept a proton and become H, 0 ' (a hydrogen 
ion in solution), while H, 0 ' can give up a proton becoming H, 0 . 
Similarly with a strong base, OH' can accept a proton and 
become H, 0 , while H ,0 can lose one and become OH'. Looked 
at from this standpoint, however, it is at once evident that 
Other molecules besides the above will be catalytically active ; 
all proton donors and all proton acceptors will be more or 
less active in this respect. It is found, for instance (Bronsted 
and Pederson, Z. physik. Chem., 1925,116, 337), that nitramide 
decomposes slowly in aqueous solution at a rate which is 
increased by the presence of OH'-ions. An acceleration of 
the reaction is also brought about by the addition of acetate 
ions, which being anions of a weak add readily combine with 
protons to form undissociated acetic acid. A similar effect 
IS brought about by other such anions, and also by amines 
(which take up protons forming kations). It is thus to be 
expected that the velocity constant, k, will steadily increase as 
the readiness with which the catalyst takes up a proton increases, 
or as the correspond ing d issociation constant, K, decreases. Bron¬ 
sted {Faraday Soc. Trans., forthcoming) finds rflog)fe/dlogK = 
— 0'8 is in good agreement with observations on nitramide, 
both with neutral molecules and ions with one and two negative 
charges. This reaction is catalysed only by proton donors, 
and not at all by proton acceptors. Substances are also known 
for which the reverse is true. 

Brdnsted and Guggenheim {J.A.C.S., 1927, 49 , 2554) and 
Lowry and Smith {J.C.S., 1927, p. 2539) have studied the 
mutarotation of glucose. This reaction, which involves the 
transference of a proton from one place in the molecule to 
another, is catal3rsed by both proton donors and proton accep¬ 
tors. The reaction is most rapid when a ready donor and a 
r^dy acceptor are both present; but since water can act in 
either capacity (though somewhat reluctantly) some measure 
of catalysis is effected if only one be added to an aqueous 
solution of glucose. The dual character of such catalysis is 
strikingly brought by Lowry and Faulkner {J.C.S., 1925* BW, 
2884), who studied the mutarotation of tetramethyl glucose 
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in non-aqueuus solvents. Neither p3rndine nor cresol alone 
is a compleJte catalyst, although pyridine, being a ionising 
solvent, sl^ould, on Lapworth's theory, have been very effective. 
A mixtrrfe of the two is, however, a far better catalyst than 
water- 

. -As with nitramide, Bronsted (/oc. cit.) has studied the 
'quantitative relationships between the dissociation constants 
of weak acids and bases and their catalytic effect upon the 
glucose reaction, and finds the same type of correlation. His 
remarkable success in this field has in great measure been due 
to his elucidation of the “ kinetic salt effect,” which is super¬ 
imposed upon the main catalytic effect already discussed. In 
many cases this effect, which Bronsted considers to be due to 
the change in the medium in which the reaction occurs,* bears 
a linear relationship to the concentration. It would appear 
that failure to separate the true catalytic effect from the 
kinetic salt effect has prevented the many other workers in this 
field from making a satisfactory interpretation of their results. 

Reactions between Ions .—^The question as to whether 
activities should be used in reaction velocity equations in 
place of concentrations is still an open one. The theory of 
Bronsted that reaction velocity depends on the concentration 
of a critical complex in equilibrium with the reactants can be 
put in some measure to the test when the primary reaction is 
between ions. For in this case since the reactants and the 
critical complex will have different electric charges, their 
activity coefficients will be affected to different extents by 
changes in the ionic strengths brought about by the addition 
of salts. Hence for a given concentration of the reacting ions, 
the concentration of the critical complex, and hence the reaction 
velocity, should vary with the ionic strength in a manner 
that can be calculated, in the case of very dilute solutions, by 
applying the theory of Debye and Hlickel. Bronsted and 
Livingston {J.A.C.S., 1927, 40 , 435) have studied the reactions 

[CoBr(NHA] - + OH' - [Co(OH)(NH,),]” + Br' 
and 2[CoBr(NH,)J” + Hg“ 4- 2 H, 0 -^ 2 [Co(NH,),H, 0 ]” + HgBr. 

Both are bimolecular, the rate of the second being determined 
by the process 

[CoBr(NH,)J” -h Hg" 

The slope of the graph obtained by plotting the logarithm of 
the velocity coefficient against the square-root of the ionic 
strength is equal to the product of the valency of the primary 
reacting ions (-- 2 and + 4) as the theory demands. A number 
of investigations have yielded results which enable Brdnsted's 
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theoiy to be tested, and they show a general agreement with 
specific effects superimposed. 

It is, perhaps, as well to emphasise that all the reactions 
that have been considered are of the class that proceed at a 
controllable and reproduceable velocity. They are not accele¬ 
rated by traces of" impurities," nor are they similarly inhibited. 
They stand in marked contrast to the large class of " uncon¬ 
trollable " reactions which are now generally believed to be 
brought about by a chain mechanism. 

0 

OBOLOOT. By G. W. Tyrrell, A.R.C.Sc., Ph.D., University, Glasgow. 

Volcanology.T-Pi. new book on volcanoes by Dr. K, Sapper, the 
famous German authority, has appeared {Vulkankunde, Stutt¬ 
gart, 1927, 424 pp,). The writer has not yet seen this work, 
but a full critique over the initials of Dr. C. N. Fenner has 
been published in the Journal of Geology (xxvi, 1928, pp. 185-6). 

Volcanologists will also find Th. Thoroddsen’s massive 
posthumously published work on the History of Icelandic 
Volcanoes (" Die Geschichte der Islandischen Vulkane," Mem. 
Acad. Roy. Sci., Lett. Danewuirk, Sect. Sci., 8me. S6r., t. 9, 1925, 
458 pp.) a rich mine of information. There are also included 
long sections on the physico-geological relations and geographi¬ 
cal distribution of the hot springs of Iceland, and on Icdandic 
earthquakes between 1013 and 1908. 

Dr. Niels Nielsen has described the volcanic phenomena of 
the little-visited region of the Hvftirvatn and Hofsjokull in 
the interior desert of Iceland {Med. Dansk Geol. Foren., Bd. 7, 
Heft 2, 1927, pp. 101-28). 

A valuable study 01 the characters and classification of 
pyroclastic rocks has been published by Dr. H. Williams 
{Proc. Liverpool Geol. Soc., xiv, 1926, pp. 223-48). He restricts 
the term agglomerate to contemporaneously formed, coarse, pyro- 
clastics consisting mainly of large, rounded or subangular 
fragments. The term volcanic breccia is applied to similar 
material of angular shapes, also including under this class the 
non-contemporaneous breccias due to dry avalanches within a 
crater {e.g. Vesuvius), and breccias due to the erosion and 
reassortment of coarse angular volcanic ejecta. Williams also 
defines lapilli and tuff, and distinguishes between cognate 
pyroclastic nmterial, consisting of lava fragments derived from 
contemporaneous activity ; accessory cognate material, derived 
from previously consolidated lavas erupted in the same cycle 
of igneous activity; and accidental material, consisting of 
foreign igneous, sedimentary, or metamorphic fragments 
derived from the country roclra. 

In a paper on “ A Further Contribution to the Petrography 

27 
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of the Late-Ealseozoic Igneous Suite of the West of Scotland *' 
{Trans. G0OI. Soc. Glasgow, xviii, pt. 2, 1928, pp. 259-94) the 
writer of these notes extends Williams’s nomenclature with 
the term intraielluric to indicate p3nrocIastic material derived 
from great depth {subvolcanic of Dr. H. S. Washin^on, see 
Science Progress, April 1928, p. 585); and while in agree¬ 
ment with the great majority of Williams’s terms he thinks 
that the distinction between rounded and subangular, and 
angular fragments, is not significant enough to warrant inore 
than one name for coarse ejected material which is the immediate 
product of explosive volcanic activity, namely, agglomerate. 
In discussing the Permian volcanic necks of the West of Scot¬ 
land, the writer points out that the fragmental fillings of 
volcanic vents may be derived as follows : (i) explosive dis¬ 
integration of the molten lava filling a volcanic funnel or crater, 
giving rise to cognate material; (2) material derived from the 
walls of the vent, or from a solidified infilling, by explosive 
disintegration, or by subsequent avalanching within the crater. 
A distinction may be made between accessory cognate and 
accidental materials ; (3) fragmental material derived from 
great depth—intratelluric. As examples we may cite the 
ultrabasic rock fragments in the Carboniferous vents of the 
Midland Valley of Scotland, and the eclogites, etc., of the 
Kimberley diamond pipes. 

Dr. H. Williams has also described a unique type of volcanic 
flow product near Lassen Peak (Cal.), which he calls a torrential 
volcanic breccia {Univ. Cal. Publ., Bull. Dept. Geol., 17 , No. 7, 
1928, pp. 241-63). This flow, forming a tract of country 
called the Chaos Jumbles, combines many of the features of 
dry rock streams with those of true mud flows. Its age is 
estimated at about 200 years. The material consists of blocks 
of dacite derived from P^l^an spines which were disrupted by 
explosion, and hurled, avalanche fashion, on to an earlier bed 
of fine tuff in the presence of steam. The condensation of the 
steam as rain converted the tuff into mud which behaved as a 
lubricant between the coarser blocks. 

An important paper by C. K. Wentworth deals with the 
P5rroclastic geology of Oahu, one of the Hawaiian islands 
{Bernice P. Bishop Mus., Bull, 30,1926,121 pp.). The geologpr, 
ph3rsiography, and sedimentology of the tuff craters are dis¬ 
cussed, twenty separate volcanic centres are mapped, and 
thirty episodes distinguished. The tuff, which is estimated to 
make up 90 per cent, of the combined masses of the craters, 
consists of magmatic ejecta, mingled with detrital limestone, 
reef rock, and ancient basalts. Less than one-hundredth of 
I per cent, is basalt extruded during the eruptions. The 
petrography of the pyroclastics and the associated basalts is 
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fully dealt with. The author concludes that the last eruption 
on Oahu occurred before the advent of the native Polynesian, 
but probably not more than 5,000 years ago. 

The great basalt floods of the world are believed by most 
geologists to have been emitted from fissures with a minimum 
of explosive action. Hence the discovery of a series of vents 
filled with fragmental materials in the Columbia River basalts 
at Asotin on the Washington and Idaho boundary by Dr. R. E. 
Fuller {Journ. GeoL, xxxvi, 1928, pp. 56-74) is of considerable 
interest. He offers evidence, however, that this explosive 
activity was due to the contact in depth of basaltic fissure 
eruptions with water-saturated gravels, producing palagonite 
and pumice, with a partial volatilisation of the iron content of 
the material. 

An interesting summary of the work of the Geophysical 
Laboratory on hot springs, by Dr. E. T. Allen ; an illuminating 
statement of the present position of the volcano gas problem, 
by Dr. E. S. Shepherd ; and papers by Dr. E. G. Zies on the 
concentration of metallic constituents by volcanic emanations, 
and by Dr. F. E. Wright on factors bearing on the formation 
of the lunar craters, were given at the 1927 meeting of the 
Section of Volcanology, American Geophysical Union {Nat. 
Research Council, Bull. 61, 1927, pp. 255-69). Dr. Shepherd 
dismisses volcanic gas reactions, and engulfment of oxygen¬ 
carrying debris, as insufficient to supply the heat necessary to 
maintain the Kilauean lava lake in action, and even suggests 
that the classic equation between ferrous oxide and water 
may now be permanently retired as the expression of any 
significant heat reaction in lava. Nearly all the suggested 
heat reactions involve the rapid movement of large quantities 
of gas through lava, which is improbable. Dr. Shepherd at 
present believes that the necessary amount of heat could be 
easily supplied by the rise of a few cubic metres of lava per 
second, with only a 200® drop in temperature. 

Another finfr volcanological work has been issued by the 
Carnegie Institute of Washington in the memoir on “ Steam 
Wells and Other Thermal Activity at ‘ The Geysers,’ California ” 
(Cam. Init. Wash., Publ. No. 378, 1927, 106 pp.), by E. T. 
Allen and A. L. Day. A CTeat store of hot steam, increasing 
with depth, has been revealed at the “ Geysers,” and economic 
exploitation is in progress. That this steam rises in a region 
of deficient ground water, is superheated, and is accompanied 
^ volcanic gases, is good evidence of its magmatic origin, 
llie volcanic gases and their oxidation products are potent 
causes of the supcirfidal rock decomposition which is so pro¬ 
nounced in this locality. The causes, and the relation between 
the acid and alkaline hot springs, arc dealt with to some extent. 
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The concentration of the acid springs, as found also at Lassen 
Peak, is very much greater than that of the alkaline springs. 
It has been found possible to connect acid springs with places 
where oxidation is active, and alkaline springs with places 
where oxidation is feeble. 

Geology of Igneous Rocks .—In a valuable discussion and 
analysis of recent theories regarding the genesis of the alkaline 
rocks Prof. C. H. Smyth {Proc. Amer. Phil. Soc., 66, 1927, 
PP- 53S“8o) concludes that the development of alkaline magmas 
has been largely effected through the agency of the primary 
volatile constituents. He further maintains that, in so far 
as the development of alkaline magmas is influenced by tectonic 
conditions, the controlling factor is stability, as contrasted 
with orogenic activity. He believes that the assimilation of 
limestone, or of other rocks, is not essential to, or even important 
in, the development of alkaline magmas. 

The problem of the origin of the alkaline rocks has also 
been attacked by J. L. Gillson (Journ. Geol., xxxvi, 1928, 
pp. 471-4), who suggests that the process of albitisation, known 
to be a common feature in granitic intrusives, may lead to the 
formation of alkaline rocks. This process implies the passage 
of emanations rich in soda and alumina through the magma, 
which may thereby have been desilicated and enriched in soda 
and alumina to the point of the formation of nepheline. Fenner 
has also suggested that differentiation may arise by the passage 
of fugitive constituents through a liquid or partially liquid 
magma. Such a process as stated above would naturally lead 
to the production of deuteric minerals such as sodalite, cancri- 
nite, aegirine, etc., which are found in many alkaline rocks. 

The typical lavas of the Javanese volcanoes are pyroxene- 
andesites and basalts of calc-alkaline affinities. Prof. H. A. 
Brouwer, however, has shown {Jgum. Geol., xxxvi, 1928, 
PP* S4S“8 ; Proc. Kon. Akad. Wetens. Amsterdam, xxxi, 1928, 
pp. 492-8) that, in the products of the volcano Merapi, trachyte, 
phonolite, and leucitic phanerites have been produced by the 
reaction of pyroxene-andesite lava on a large xenolith of lime¬ 
stone. Prof. Brouwer suggests that similar reactions on a 
larger scale may have contributed to the production of the 
sporadic alkaline rocks of the East Indian Archipelago. 

Turjaiie is a remarkable coarse-grained igneous rock, first 
described (1921) by Ramsay from Turja in the'Kola Peninsula, 
consisting of melilite, nepheline, biotite, apatite, with accessory 
perovskite and titanomagnetite. Dr. E. H. Kranck has now 
fully described the very abundant and comprehensive collec¬ 
tions from Turja made by Ramsay and other Finnish geologists 
(Fennia, # 1 , 1928, No, 5, 104 pp.). The turjaite forms part of a 
great complex of highly alkaline rocks, including rocks of the 
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ijolite series, and dyke rocks rich in carbonate minerals. The 
melilite in turjaite has originated from pyroxene, and some¬ 
times from olivine, by the action of residual solutions or melts 
rich in lime which had penetrated into a partially consolidated 
pyroxene-rich rock of the ijolite or lamprophyre class, but not 
by Bowen’s intramagmatic reactions. The carbonate-silicate 
rocks are believed to have crystallised from residual magmas 
supersaturated with water and carbon dioxide, the temperature 
of crystallisation corresponding closely to that of the pneumato- 
lytic and hydrothermal phases of the other igneous rocks of 
the complex. 

In a paper on " The Magmatic Origin of Ores,” Dr. R. H. 
Rastall {Geol. Mag., Ixv, 1928, pp. 270-9) restates his view 
that a very large number of vein deposits and replacements are 
of magmatic origin, and that the term ” magmatic ” should be 
interpreted in the broad sense which includes not only the ore 
derivatives of relatively dry magma, but also those which are 
the natural and inevitable consequence of the escape of volatile 
constituents. He sees no reason for denying the term magmatic 
to those processes such as tourmalinisation, greisening, kaolini- 
sation, and topazisation, which are usually classed as pneumato- 
l3rtic, or to such later deuteric processes as sericitisation, 
propylitisation, albitisation, etc. ” They are due to agents 
derived from the intrusion itself, segregated during the process 
of its crystallisation, and many of them are initiated, even if 
not completed, long before the final solidification.” 

The explanation of corundum-plagioclase (plumasite) and 
albitite rocks as due to the desilication of ordinary pegmatites 
by contact and exchange with the peridotites and pyroxenites 
with which they are invariably found, is combated by E, S. 
Larsen in a paper on ” A Hydrothermal Origin of Corundum 
and Albitite Bodies ” {Econ. Geol., xxiii, 1928, pp. 398-433). 
He points out that reactions between pegmatites and wall- 
rocks are very exceptional; that in the rock-types discussed 
the minerals and the relations of the reaction-zones are not 
such as would be expected between pegmatite and ultrabasic 
rocks ; that the material taken from the pegmatite is excessive 
and has little similarity to that added in the reaction zones ; 
and finally that there is a conspicuous lack of relation between 
the sizes of the dykes and the widths of the respective reaction- 
zones. For these and other reasons Larsen prefers to explain 
the origin of plumasite and albitite dykes, with the reaction- 
zones, as due to moving hydrothermal solutions. 

In a paper on “ Chlorophsrite, Sideromelane, and Pala- 
gonite from the Columbia River Plateau,” M, A. Peacock 
and R. E. Fuller {Anter. Min., 18 , 1928, pp. 360-82) state 
that these three mineraloids are characteristic of Kainozoic 
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basaltic fields. From the existing analyses of chlorophaeite, 
together with a new anal3rsis of the Oregon material, the ap¬ 
proximate formula (Fe,Al)* 0 ,. 2(Mg,Fe,Ca)0.4SiO» + loHiO is 
derived. It is urged that the definition of this mineraloid^ be 
extended to cover all hydrous, amorphous, pitch-like materials 
of deuteric origin, some of which have been called palagonite 
in dolerites and basalts. Sideromelane remains as a specific 
name for ideal basaltic glass formed under conditions of 
especially rapid cooling. Palagonite is a gel derived from 
sideromelane by the action of water or water vapour of exotic 
origin. Thus there is both a chemical and genetic distinction 
between palagonite and chlorophaeite. 

Describing the geology and petrology of the remarkable 
group of tholeiite and dolerite sills of the Dalmahoy Syncline 
west of Edinburgh {Trans. Roy. Soc. Edin., Iv, pt. 2, 1927, 
pp. 489-505), R. Campbell and J. W. Lunn note the occurrence 
of iron-rich olivine, primary quartz, and the abundance of 
chlorophaeite in these basic rocfe. The order of crystallisation 
is also noteworthy. As in the case of basalts from Franz 
Josef Land described by Newton and Teall, it has led to the 
(formation of a mother-liquor poor in silica and alumina, and 
rich in iron. The first mineral to crystallise was an inter¬ 
mediate plagioclase, followed by augite. Only towards the 
end of the period of p3rroxene growth does magnetite make its 
appearance. The last of the early constituents to crystallise 
was fayalite. The late concentration of iron is seen again in 
the unusual abundance of magnetite and haematite in the 
mesostasis of the tholeiites and dolerites, accompanied by 
skeletal fayalite in the dolerite-pegmatites, and by fayalite in 
the CTound mass of the basalts. But the most striking evidence 
of the late concentration of iron is seen in the chlorophaeite 
which, in the opinion of the authors, represents the final, 
highly differentiated, aqueous mother-liquor of the rocks. 

Dr. A. Brammall has concisely discussed the composition 
and intrusion-tectonics of the Dartmoor Granite {Proc. Geol. 
Assoc., xxxvii, 1926, pp. 251-77). This paper is the first in 
which the methods of H. Cloos have been applied to a British 
granite mass. The sequence of events in the emplacement 
the Dartmoor Granite is long and complicated, but the main 
flow appears to have spread northward, and extended laterally 
beneath a cover of country rock which had already suffered 
overthrusting from the S.S.E., and was traversed by a zone 
of crustal weakness trending in a direction N. of E. The 
upper contact surface was therefore domed and grooved in 
various directions, and had been plastered with early basic 
microgranite and granite-porphyry before the advent of the 
main intrusion. 
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In another paper Dr. Brammall shows that the Dartmoor 
Granite contains primary gold and silver {Min. Mag., xxi, 
1926, pp. 14-20). Visible gold occurs in both quartz and 
felspar, and both gold and silver in biotite. Assays show that 
both metals occur in apparently barren granite. The closest 
examination of vein-quartz, and assa5rs of vein-pyrites, joint- 
incrustations, and pneumatolysed rocks, afforded no grounds 
for attributing the gold-silver content of the granite to secondary 
hydrothermal or pneumatolytic processes. 

A paper by Dr. Brammall and Dr. H. F. Harwood {Min. 
Mag., xxi, 1927, pp. 205-20) discusses the temperature-range 
of formation of tourmaline, rutile, brookite, and anatase in 
the Dartmoor Granite. 

A further paper by Dr. Brammall deals with the detrital 
minerals of Dartmoor as a “ study in provenance ” {Proc. Geol. 
Assoc., xxxix, 1928, pp. 27-48). The three most distinctive 
features of the heavy mineral assemblage are : (i) the associa¬ 
tion of manganiferous garnet, titaniferous biotite, zoned zircon, 
monazite, and ilmenite, with tourmaline, cassiterite, brookite, 
and anatase ; (2) ilmenite in excess of magnetite though 
sphene and rutile are rare ; (3) the rarity of topaz and fluorite. 

In a study of Cornish granite and its relation to the occur¬ 
rence of tin and other metallic ores, E. H. Davison {Trans, 
Roy. Geol. Soc., Cornwall, xv, pt. 8, 1927, pp. 16, reprint) 
provides a good general account of the Cornish granites, and 
shows that the granite in highly mineralised areas always 
contains much tourmaline, and white mica, but little or no 
biotite, whereas in granite from areas devoid of lodes tourmaline 
and muscovite are rare, while biotite occurs in normal abun¬ 
dance. It seems, therefore, that the mineralising agents, while 
introducing tourmaline and white mica into the granite, have 
effected the more or less complete destruction of biotite. 

C. W. Osman has made a very detailed study of the Scilly 
Isles granite mass {Quart. Journ. Geol. Soc., Ixxxiv, pt. 2, 1928, 
pp. 258-92). ’He shows that the positions of the granite 
laccoliths of Cornwall and Devon are directly related to the 
intersections of the ridges of three separate foldings : (i) Post- 
Silurian Caledonian folding ; (2) Post-Middle Coal Measures 
Malyemian folding; and (O Post-Carboniferous Armorican 
folding. When the two flanking masses of Dartmoor and the 
Scilly Isles are compared a remarkable parallelism in composi¬ 
tion and intrusion-succession is disclosed. The Bodmin Moor 
and Scilly Isles granites are represented as having risen up a 
great fault or faults with the Caledonian trend ; while the 
remaining granites of Cornwall and Devon probably rose up 
along the Start Point-Lizard series of faults. Prof. H. Cloos’s 
methods have been used by Mr. Osman to demonstrate the 



416 SCIENCE PROGRESS 

mode of emplacement and directions of flow of the Scilly Isles 
Granite. 

Dr. M. Billings’s memoir on “ The Petrology of the North 
Conway Quadrangle in the White Mountains of New Hamp¬ 
shire ” {Proc. Anutr. Acad. Arts and Sciences, 88 , 1928, pp. 67- 
137) is chiefly concerned with the great alkaline batholith of 
the White Mountains, the age of which is doubtfully referred 
to the Devonian. The igneous activity began with the estab¬ 
lishment of several volcanic centres, giving rise to explosion- 
breccia and lava flows of comendite and trachyte. During the 
rise of the subsequent batholith the roof of volcanic rock was 
affected by cauldron subsidence in much the same way as in 
Glen Coe and other regions familiar in this country. The 
main batholith is composite, and covers an area of 680 sq. 
miles. It consists principally of biotite-granite, but there are 
also considerable masses of diorite, nordmarkite, riebeckite- 
granite, and hastingsite-granite. Finally Dr. Billings gives an 
excellent discussion of the mechanism of roof-col lapse over the 
batholith. 

The great Wiborg granite mass in S.E. Finland is one of 
the most extensive of uniform igneous masses that is known. 
It consists of a potassic granite with the thickly distributed 
ovoid felspar phenooysts and aggregates to which the name 
“ Rapakiwi" has been long applied. Prof. W. Wahl has 
published a, detailed account of the petrography, contact- 
relations, and differentiation of the Wiborg granite, and a 
discussion of the origin of the rapakiwi structure {Fennia, 45 , 
No. 20, 1925, 127 pp.). In the true rapakiwi type the rounded 
phenocrysts consist of orthoclase surrounded by a ring of 
oligoclase. 

The Wiboig granite is associated with relatively small 
bodies of hypersthene-granite, syenite, augite-diorite, and 
quartz-norite ; and Prof. Wahl discusses the differentiation of 
this assemblage at length. In treating of the origin of the 
rapakiwi structure he points out that these granites always 
carry idiomorphic quartz, ^d that both quartz and felspars, 
often also the dark constituents, occur in two generations. 
The consolidation of the rapakiwi granites has therefore taken 
place in two stages. In bnef Prof. Wahl ascribes the produc¬ 
tion of rapakiwi structure to the refusion of previously crystal¬ 
lised constituents in consequence of a single, but considerable, 
relief of pressure during the m£^;matic penod. 

Two further papers on Finnish rapakiwi granites have 
been published W P. Eskola ('* On Rapakiwi Rocks from the 
Bottom of the Gulf of Bothnia.” Fennia, 50 , No. 27, 1928, 
pp. 1--29) and by 1 . Kanerva (” Uber das Rapakiwigebiet von 
VMmaa im sUdwestlichen Finnland,” Ftnnia, 50 , No. 40, pp. 
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1 - 3 $) respectively. Prof. Eskola shows that certain wide¬ 
spread boulders of red graphic granite on the eastern shores of 
the Gulf of Bothnia com^ from a rapakiwi granite intrusion 
which is now buried beneath the waters of the gulf. He 
discusses the origin of the graphic structure, and stresses the 
importance of the study of boulders for the geology of marine 
areas. Dr. Kanerva describes the petrography of the Vehmaa 
rapakiwi granite in south-western Finland, and discusses its 
intrusion-tectonics by application of the methods of Prof. 
H. Cloos. 


BOTAVT. By £. J. Salisbury, D.Sc., P.L.S., University Collie, 

London. 

The eifect of anaesthetics in shortening the rest period of 
deciduous shrubs is well known, and recent investigations have 
shown that a variety of chemical vapours, and even warm water, 
effect this in varjdng degrees. Denny and Stanton, experi¬ 
menting with several species and a variety of chemical vapours, 
obtained the maximum diminution of the rest period with 
ethylene chlorhydrin and ethylene dichlorid amounting to two 
months in the case of Pyrus ioensis. The chief interest of their 
experiments, however, is the demonstration of the localisation 
of the stimulus. Not only can the rest period be shortened 
for individual twigs upon a plant, but individual buds can be 
forced in this way, whilst other buds immediately adjoining 
remain dormant (Amer. Jour. Bot., xv, pp. 327-44, 1928). 
These and results obtained by other workers suggest that the 
order of development of the successive layers in a woodland 
and of the organs on an individual may be associated with the 
marked vertical gradient in the external conditions in this 
type of habitat. 

“ The Biology of Photosynthesis ” is the subject of an article 
by Lubimenko in the Rev. des Set. Naturelles, pp. 415-47 
and 486-512, ^1928. He here emphasises the hereditary 
character of chlorophyll content and the relation between this 
feature and geographical range. Data are furnished for the 
chlorophyll contents of over six hundred species from Petro- 
grad, the Crimea, and Java. These show that the chlorophyll 
content in general increases from the pole to the equator. 
The mean values obtained being 66® N. 2*36 gms. of chlorophyll 
per kilogramme of leaves; 45®N. 2*52 grms.; and 6®S. 
2*66 gms. In the shade the same species shows increase in 
size of the plastids and an increased chlorophyll content of 
the plastids, though decrease in their number as compared 
with the sun plants. The amount of chlorophyll in one kilo¬ 
gramme of Imh leaves for sixteen species showed an increase 
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of from 9*3 to 129 per cent, (mean 50 per cent.) in the shade 
leaves as compared with the sun leaves. 

In an extensive study of the ecology and sociology of 
Sesleria caemlea Zlatnik (Etudes icologiques et sociologiques sur 
le S. caerulea . . . en Tchicoslavaquie, Prague, 1928) finds that 
the range of reaction of the soil varies between pH 5*5 and 
8*37, the CaCOs from zero to 57 per cent., but S. ccerulea 
only becomes dominant where the soil is absorptively saturated 
with ions of either calcium or magnesium. In artificial cultures 
with varying hydrogen-ion concentration the growth showed 
a bimodal form both for Sesleria ccerulea and the segre^^ate 
S. uliginosa. For the former the best growth was at reactions 
above pH 6*5, but though there was marked depression at pH 
6 and below pH 5 good growth occurred at pH 5*5. The ash 
of plants grown on calcareous soil (4*79 per cent.) differed 
little from that of plants grown on serpentine (4*85 per cent.), 
but whereas the former contained 19 per cent. CaO and 4*16 
per cent. MgO, the latter contained 6*7 per cent. CaO, io*8 
per cent. MgO, and 10 per cent, more Silica. The conclusion 
reached is that S. ccerulea var. calcarea is not a calcicole species, 
but an oxyphobe which is restricted to special types of soil 
by the pressure of competition. The subspecies uliginosa is 
similarly restricted by reaction and competition, but is associ¬ 
ated with a relatively highwater-content of the soil. 

Thoday and Pocock record the occurrence of Myosurus, 
probably M. minimus, from Cape Colony, apparently as a wild 
species. The very marked discontinuity which characterises 
the distribution of the genus as a whole, and this species in 
particular, renders this record of peculiar interest. In the 
southern hemisphere Myosurus minimus (as var. australis) 
was only known hitherto from Australia, though congeners 
occur in New Zealand and South America {Trans. Roy. Soc. 
S.A., xvi, p. 23, 1928). 

Very few ecological accounts of the Bryophytic communities 
of any area have been published, so that the ecological notes 
on the Bryophytes of Middlesex by P. W. M. Richards {Jour. 
Ecology, 1928, p. 269) are a welcome addition. Four strata of 
moss vegetation are distinguished in the woodlands, viz. (i) 
Xeroph3rtic epiphytes on trees and branches, of which there 
are but five species due to smoke effects *, (2) the epiphytes 
of the tree-boles and stumps, numbering twenty-five species ; 
(3) Wood-floor species (62); and (4) Woodland bank vegetation 
(28 species). The Bryophytic flora of the hedgerows is shown 
to correspond to that of woodlands on the same type of soil, 
and evidence is afforded, by the persistence of Heath species, 
of the value of bryophytes as indicators of former conditions. 

Stapledon and Davies report the results of some interesting 
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experiments on the effects of competition between clovers and 
grasses in various hay mixtures at the Welsh Plant Breeding 
Station (S.H., No. 8, 1928). The importance of early growth 
in the competitive struggle is emphasised and is one of the 
chief factors in the aggressiveness of Loliutn italicum. It is 
claimed that the evidence shows that overcrowding lowers 
both hay and seed yields and that adverse conditions tend to 
favour delayed germination of seeds. The percentage establish¬ 
ment is markedly decreased by crowding. Field trials would 
appear to support the conclusion that the yield of hay is higher 
where unlike species are concerned than where a single species 
or closely allied species are alone present. Thus for two years 
the average yield in pounds per rod was 196 when only a 
single species of clover was present, 197 with various species of 
grass only, with one species of clover and one grass 227, and 
with one clover and several grasses 222, 

Ciesielski, in 1911, published the results of experiments 
that appeared to demonstrate the influence of the age of the 
pollen on the sex of the resultant offspring in Hemp. Subse¬ 
quent experiments by Lilienfeld failed to confirm these results, 
^ssy has now carried out similar experiments with Hemp, 
and concludes that age of pollen has no influence on the sex of 
the offspring (Amer. Jour. Bot., July 1928). 

The occurrence of Mycorrhiza in the following species has 
been recorded by E. Mason (JV. Phyiologist, p. 193, 1928): 
Plantago coronopus, PlarUago maritima, Aster tripolium, Glaux 
marilima, Cochlearia officinalis, Agrostis alba, and Glyceria 
maritima. 

From a study of reciprocal hybrids between Aquilegia 
vulgaris and A. chrysantha Marja Skalinska {Acta, Soc. Bot. 
Pol., vol. V, p. 141, 1928) finds that there is an absence of 
normal segregation attributable to the marked partial sterility 
of both the pollen and the ovules. An interesting outcome 
of these experiments is the different behaviour of the seeds 
of the various crosses as regards the manner of their germina¬ 
tion. The latter extends over a period of about forty-eight 
days, some seeds not germinating, however, till the second year. 

Elton and Summerhayes {Jour. EcoL, 1928), dealing with 
the vegetation of Spitzbergen, recognise four vegetation zones 
characterised by decreasing severity of the climatic conditions. 
The first is the Feldmark, or arctic desert, in which a very open 
community consisting of 35 species of phanerogams is character¬ 
ised by the presence of Salix polaris and Luzula confusa. The 
second zone in the fog belt consists mainly of Dryas Heath 
with a richer fauna and flora (69 species of phanerogams). 
Further inland, beyond the fog b«lt, occur heaths dominated 
by Cassiope ietragona with a still richer flora (91 species), 
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whibt a further increase of spedes is found in the inner Fjord 
zone, where in the better climatic conditions at the head of the 
Fjords 127 species of phanerogams occur and Emf>etrum 
ni^um, Beluta tiana, Rubus chamamorus, and Vaccinicum 
uliginosutn make their chief home. As one passes from the 
most severe to the most favourable climatic conditions the 
number of geophytes increases, and it is only in the last two 
zones that annual species are met with. 

In a revision of the genera CtMrUransia, Rhodochorton, and 
Acrochoetium, Drew describes nineteen new species (Univ. 
California PubL, vol. 14, No. s, 1928). The name Chantransia 
is discarded on the grounds of the diversity of types originally 
included and the species of Rhodophyceae placed here and in 
the genus Acrochoetium are all referred to Rhodochorton. Of 
the new species six are epiphytic, ten are endophytic, one is 
epizoic on Sertularia turgida, one is endozooic in Sertularia 
furcata, and one is parasitic on Eisenia arborea. The largest 
species attains about 2 mm. in length and the smallest is micro¬ 
scopic. They constitute an interesting series of types exhibiting 
all stages of incipient parasitism in the endophytic species 
from R. porphynrce, which scarcelv affects its host, to R. eCegans, 
which caused the death of the host cells. In some the pene¬ 
trating organs are but single cells {R. arcuatum), in others a 
richly branched system {R. rhieoideum), whilst the degree of 
development of the exterior branch system shows a similar 
range. The cells contain one or more chromatophores which 
may be a parietal band, either reticulate or stellate. In R. 
rhizoideum sp. nov. the chromatophore is a single band in the free 
filaments, but in the endophytic cells is either a single reticulate 
structure or there are several ribbon-shaped chromatophores. 


nmZOLOOT. By Prof. Walter Stiles, Sc.D., F.R.S.. Th« 
University, Reading. 

Photosy^hesis. —The publication this year of three more 
papers in the series of “ Experimental Researches on Vegetable 
Assimilation and Respiration ” under the general direction 
of F. F. Blackman brings the total number of these up to 
nineteen. The three new contributions all deal with photo¬ 
synthesis. The first of them (" The Diurnal Rhythm of 
Assimilation in Leaves of Cheny Laurel at ' Limiting' Con¬ 
centrations of Carbon Dioxide,” Proc. Roy. Soc., B, IttB, 467-87, 
1928), by E. J. Maskell, records experimental work carried out 
with the object of determining how far the relations between 
environmental factors and photosynthetic activity can be 
explained in terms of limiting factors in the case of leaves of 
land plants. The observations were made for the most part 
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with leaves of cherry laurel, the method employed for measuring 
rate of photosynthesis being that described in 1904 by Miss 
Matthaei in which a current of gas containing a known 
amount of carbon dioxide is passed over a leaf and the amount 
absorbed found by determining the residual carbon dioxide 
in the gas after this leaves the leaf chamber. The results are 
given as values of apparent assimilation, that is, the actual 
assimilation measured without any allowance being made for 
respiration which may take place at the same time. It was 
found that with a high intensity of light and a comparatively 
low concentration of carbon dioxide, that is, conditions under 
which carbon dioxide concentration, on the theory of limiting 
factors, should determine the rate of photosynthesis, there 
occurred nevertheless a characteristic nocturnal depression in 
the rate between about 4 p.m. and 6 a.m., although the light 
intensity, temperature, and carbon dioxide concentration 
remained the same. It was found that with a lower light 
intensity the nocturnal depression occurred just the same. 
It was thought that the nocturnal depression must be due to 
an increase in the resistance offered to the diffusion of carbon 
dioxide into the leaf and experiments made to test this idea 
confirmed it. Thus, increasing the carbon dioxide concentra¬ 
tion should result in an increase in photosynthesis during the 
nocturnal period ; this was found to be the case. It was found 
possible to increase the rate of photosynthesis by increasing 
the carbon dioxide concentration during the nocturnal period 
until the rate was limited by the light intensity. By slashing 
the leaf, and so reducing resistance to diffusion of carbon 
dioxide into the leaf, the rate of photosynthesis could also be 
increased. The conclusion is drawn that the observed varia¬ 
tions in assimilation during the day are due to changes in the 
d^ee of stomatal opening. A seasonal variation in the 
general level of photosynthesis is attributable to the same 
cause. 

In the second paper (E. J. Maskell, " The Relation between 
Stomatal Opening and Assimilation—A Critical Study of 
Assimilation Rates and Porometer Rates in Leaves of Chenry 
Laurel,” Proc. Roy. Soc., B, 108 , 488-533, 1928) the relation 
between stomatal opening and photosynthesis is examined 
experimentally by means of the porometer, measurements of 
stomatal aperture and photosynthesis being made in each 
experiment. It was found that stomatal opening exhibits 
diurnal and seasonal rhythms in photosynthetic activity. 
Calculation shows that the observed changes in stomatal opening 
are of about the order required to produce the observed changes 
in assimilation rate. , , , 

It is concluded therefore that for the cherry laurel leaf 
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there is not for any one external carbon dioxide concentration 
one definite rate of photosynthesis, nor can the rate of photo¬ 
synthesis be defined by defining carbon dioxide concentration 
and light intensity. Variations in photosynthesis also occur 
on account of stomatal resistance ; moreover, there may also 
be non-stomatal resistances to diffusion of carbon dioxide up 
to the chloroplast. The stomatal resistance depends on ^i) the 
time of year, (2) the time of day, (3) the time that has elapsed 
from the commencement of an experiment, (4) the light inten¬ 
sity, (s) the previous history of the leaf, and (6) the previous 
moisture conditions of the plant. Non-stomatal resistance 
depends on (i) the time that has elapsed from the commence¬ 
ment of an experiment, (2) light intensity, and (3) moisture 
conditions of the leaf. 

The paper concludes with a consideration of the interaction 
of limiting factors. It is pointed out that the form of the 
relation between carbon dioxide concentration and photo¬ 
synthetic activity and between light intensity and photo- 
synthetic activity, may be greatly modified by alterations in 
the resistance to diffusion, and this must be taken into account 
in considering these relations. 

The third paper referred to above is by W. O. James and 
records the results of an investigation on water plants on 
similar lines to that made by Maskell with a land plant (" The 
Effect of Variations of Carbon Dioxide Supply upon the Rate 
of Assimilation of Submerged Water Plants," Proc. Roy. Soc., 
B, 108 , 1-42, 1928). The water plant used was the moss 
Fontinalis antipyretica. A specially designed apparatus was 
employed in which a solution containing carbon dioxide flowed 
through the plant chamber. Instead of an aqueous solution 
of carbon dioxide a solution of sodium bicarbonate was used 
in some experiments. It was found that when the solution 
flowed through the leaf chamber at a rate of 400 c.cs. per hour 
a solution of sodium bicarbonate gave rise to a higher rate of 
assimilation than a pure solution of carbon dioxide of equal 
partial pressure, no other factor being limiting, but that with 
a flow of 600 c.cs. per hour the rate of assimilation increased 
when a pure solution of carbon dioxide was used, but not when 
a solution of bicarbonate was employed. This is explained 
on the ground that in the former case the diffusion resistance 
in the layer of liquid surrounding the plant is lessened by 
increasing the rate of flow. The action of the bicarbonate 
solution is in sharp contrast to this. In low intensities of 
illumination when, in consequence, the rate of assimilation is 
slow, the bicarbonate pves rise to about the same rate of 
photosynthesis as the highest obtainable with moving carbon 
dioxide solutions; in high light intensities it was not found 
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possible to obtain the same rate of photos3mthesis with pure 
carbon dioxide solutions at any rate of flow as was given with 
bicarbonate solutions of equivalent concentration. This result 
is explained on the ground that the buffer action of the bicar¬ 
bonate maintains more effectively the “ close-up carbon dioxide 
supply ” than any practicable movement of the solutions and 
reduces the external diffusion resistance to a low value. The 
curves obtained relating carbon dioxide concentration and rate 
of photosynthesis and those relating light intensity to rate of 
photosynthesis were all smooth curves of hyperbolic form. 
Previous workers had found that in lower concentrations of 
carbon dioxide the rate of photosynthesis is approximately 
proportional to the carbon dioxide concentration. This linear 
relationship is held by James to be due to the conditions of 
diffusion obtaining in the experiments rather than to the 
internal stages of photosynthesis. 

Methods for studying photos3mthesis have formed the 
subject of a few papers apart from those already mentioned. 
J. C. Waller (“ The Katharometer as an Instrument for Measur¬ 
ing the Output and Intake of Carbon Dioxide by Leaves/' 
New Phytologist, 26 , 109-18, 1928) gives some results obtained 
by the method he describes. B. D. Bolas (“ Methods for the 
Study of Assimilation and Respiration in Closed Systems,” 
New Phytologist, 26 , 127-44, 1926) describes several methods 
and decides in favour of a colorimetric one as most satisfactory. 
Lastly, an apparatus for measuring rate of photosynthesis in 
which a current of gas is drawn through a leaf chamber is 
described by P. Boysen Jensen (" tJber neue Apparate zur 
Messung der Kohlensaureassimilation, der Respiration, der 
OflFnungsweite der Spaltoffnungen und der BeleuchtungsstSrke,” 
Planta, 6, 45^72, 192^. 

Translocation of Carbohydrates.—A problem related to 
photosynthesis is that of the removal from the leaf of the 
carbohydrates formed there. A contribution to this subject 
of the first importance has been made by T. G. Mason and 
E. J. Maskell in the form of two papers published under the 
general title of ” Studies on the Transport of Carbohydrates in 
the Cotton Plant.” The first of these is ” A Study of Diurnal 
Variations in the Carbohydrates of Leaf, Bark, and Wood, 
and of the Effects of Ringing ” {Annals of Botany, 48, 189-253, 
1938), the second is entitled ” The Factors determining the 
Rate and the Direction of Movement of Sugars ” {Annals of 
Botany, 48, 571-636, 1928I. The papers are also interesting as 
they are the first scientific contributions from the recently 
established Cotton Research Station in Trinidad and afford 
evidence of the excellent work that is to be expected from the 
Station and of the wisdom of those responsible for founding it. 
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The first paper records the results of a great number of 
determinations of total carbohydrate, reducing sugars, sucrose 
and reserve carbohydrates in the sap of the leaf and of the 
tissues (bark includii^ phloem, and wood), which vaiious 
workers have concluded to be the conducting channels. Deter¬ 
minations of the total carbohydrate content of the tissues of 
the stem were also made at comparatively short intervals of 
time. The results are expressed in terms of the residual dry 
weight, that is, the total dry weight less the weight of carbo¬ 
hydrate, which is thought to be a sounder basis than either 
dry weight or fresh weight. The variations in the amount of 
carbohydrates in the different tissues suggest that the carbo¬ 
hydrates are transported in the bark, that is, in the phloem. 
Thus the variations throughout the day in the concentration 
of total sugars in the leaf are more highly correlated with the 
variations of those in the bark than with those in the wood. 
Moreover, the variations in the bark show a lag behind those 
in the leaf. Again, variations in the rate of translocation of 
sugar into the boll, that is, the capsular fruit, are correlated 
with variations in the sugar gradient from bark to boll. 

Further evidence in relation to the path traversed by 
carbohydrates was obtained by ringing experiments, that is, 
by experiments in which a ring of bark is removed from the 
stem at a certain level. When a stem is ringed below the 
foliage region an interruption in the passage of carbohydrates 
through the stem at the level of the ring occurs within a few 
hours of the time of ringing. The transport of carbohydrates 
from leaves into the stem immediately above the ring is not 
affected, nor is transport of carbohydrates out of the stem 
immediately below the ring. There is, however, an accumula¬ 
tion of carbohydrates in the bark and wood above the ring, 
and even in leaves two feet away from the ring. These observa¬ 
tions all suggest that carbohydrates are conducted downward 
in the bark (phloem) and not in the wood. Other evidence in 
favour of the same conclusion is provided by the fact that the 
downward movement of a dye in the wood is not interrupted 
by ringing. If a piece of paraffined paper is inserted between 
bark and wood the transport of carbohydrates takes place at 
almost the normal rate. This indicates that the wood is not 
concerned in the transport as contact between wood and bark 
is not essential to the transport. 

The work recorded in the second paper had for its purpose 
the obtaining of evidence for formulating the laws governing 
the translocation of carbohydrates. For this determinations 
were made of the amounts of carbohydrate moving through the 
stem under definite conditions, and of the variation of sugar 
concentration throughout the conducting tissues at different 
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times. It was found that the downward movement of su^rs 
takes place down a well-marked su^r concentration gradient 
and that with reversal of-the gradient the movement is also 
reversed. It was further concluded that sugars, particularly 
sucrose, in the sieve-tubes vary with variations in the supply 
of sugar to the bark, whereas variations in the sugar content 
of the parenchyma are very small. Thus the sieve-tubes 
appear to be the actual conducting cells. The most striking 
result is probably that relating to the velocity of movement 
of carbohydrate through the stem. Whereas the rate of 
movement of sugar from bark to wood appears not very much 
greater than what could be accounted for by physical diffusion, 
the movement down the sieve-tube is about 40,000 times as 
TSifM as simple diifusion through a 2 per cent, solution of sucrose. 
Inoeed, the calculated diffusion constant is almost identical 
with the diffusion constant for molecules of the size of those of 
sucrose diffusing in air. As is so frequently the case in scientific 
research, the solution of one problem has presented us with a 
still more striking one, for the physical diflficulties in the way 
of accepting this result are tremendous. 

SHTOHOKOOT. By H. F. Barnbs. B.A., Ph.D., Rothamstcd Experi¬ 
mental Station, Harpenden. 

Notices of various recent books on entomology have appeared 
in book reviews. 

General Entomology .—^At present considerable attention is 
being paid to biological control; this has until lately been 
chiefly the control of insects by insects, but more recently the 
control of plants by insects has been developing. An idea of 
the lines on which research in this direction is based is given 
in a popular article by W. M. Davies {N.W. Naturalist, 8, 
1928, 22-5). In this connection the bionomics of Apion ulicis 
Fdrst, a weevil whose grubs develop inside gorse pods and eat 
the seeds, ha^ been studied by W. M. Davies {Ann. Appl. 
Biol., 16, 1928, 263-86). It seems possible, from a survey of 
the occurrence of this weevil in England, that it is a potent 
factor in preventing gorse areas in this country from spreading. 
The most striking successes with the method of biological 
control by the introduction of parasitic and predacious insects 
to keep down the numbers of foreign pests have been obtained 
in island areas (A. D. Imms, Ann. Appl. Biol., 18,1926,402-23). 
Doubt has existed whether the metnod could be used in con¬ 
tinental areas. W. R. Thompson {Parasitology, 80, 1928, 
92-112) sets out the three main possible objections: the 
similarity of the faunas and floras of continental areas such as 
Europe and America, the polyphagous habits of many parasites, 

28 
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and the behaviour of hyperparasites in relation to introduced 
primal^ parasites. The writer maintains that the introduction 
of native parasites and predators of foreign pests should be 
used even in continental areas and supports this view by 
showing that the factor, of all the complex of factors controlling 
indigenous insects, which has by its absence allowed increase 
and spread, is the parasitic factor. The mathematical theory 
of the action of parasites and the chance factor are dealt with 
by W. R. Thompson (Ann. Fac. Set., Marseille, 8, 1924, 69-89). 
R. N. Chapman (Jl. Econ. Ent., 81, 1928, 349-52) states one 
may not assume that a change in insect population has been 
caused by a change in some environmental factor unless it is 
known that when the environment is constant the population 
is constant. He then compares results from constant popula¬ 
tion experiments with observations on the European corn- 
borer. When stud3Hing insect abundance, attention should be 
paid to the stage of growth at which the host has arrived, 
growth condition of the host as termed by C. R. Cutright and 
L. L. Huber (Ann. Ent. Soc. America, 81, 1928, 147-53). This 
is particularly needed in carrying out experiments on the 
biology of insects, for example, testing out insects that have 
been suggested for weed control. Among other papers that 
are of interest in view of biological control, two may be men¬ 
tioned. R. Melvin (Biol. Bull., 65, 1928, 133-42), in a study 
of the oxygen consumption of insect eggs, comes to the con¬ 
clusions that the weight of egg-shell is an important factor, 
the effects of temperature are not so pronounced in the forma¬ 
tive period as during the period of late incubation and the 
explanation for variation in length of formative period is the 
length of incubation. L. M. Peairs (West Virginian Sta. Bull. 
208, 1927, 62 pp.) deals with some phases of the relation of 
temperature to the development of insects. 

Improvements in the technique of breeding insects are 
continually being developed. Useful methods in breeding 
houseflies, leather beetles, weevils, cockroaches, and clothes 
moths throughout the year are to be found in a series of papers 
by A. G. Grady (Jl. Econ. Ent., 81, 1928, 598-612). A simple 
method for liite-history studies of root-feeding arthropods is 
described by E. M. Searls (Jl. Agric. Res., 86, 1928, 639-45), 
in which the basis is glass tubes, with one end stopped by 
plaster of Paris, placed in sand. 

The success of the effort to control the increase and spread 
of injurious insects depends very largely on the possibility of 
preventing any such spread. Therefore E. P. Felt’s paper 
(^JVew York State Mus., Bull. 274, 1928, 59-129) is particulariy 
interesting. He examines critically the evidence relating to 
the part winds play in the spread of insects, bringing together 
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older observations together with more recent knowledge 
obtained in aviation and pertinent meteorological investigations. 
It is interesting to note that Theobald in England records 
Aphis rutnicis and Anuraphis helichrysi caught in an aeroplane 
at an altitude of 1,000-1,600 ft., and Felt in America records 
the capture of a Mesogramma and a Hylemyia cilicrum at an 
altitude of 3,000 ft. Further records relating to insect migra¬ 
tion by C. B. Williams {Trans. Ent. Soc. Ij>ndon, 76, 1928, 
79-^1) have appeared. Such records are essential for the study 
of insect spread. 

Eight more fascicles of the Insects of Samoa and other 
Samoan Terrestrial Arthropoda, which is being published by 
the Trustees of the British Museum (Nat. Hist.), have appeared 
recently. 

The grouping of the insect orders and their lines of develop¬ 
ment is the subject of a paper by G. C. Crampton {Entomologist, 
61, 1928, 82-5). The same author {Canad. Ent., 60, 1928, 
129-41) deals with the evolution of Insects, Chilopods, Diplo- 
pods, Crustacea and other Arthropods indicated by a study of 
the head capsule. T. D. A. Cockerell {Psyche, 86, 1928, 126-30) 
discusses the Jurassic insects of Turkestan. 

E. P, Felt (ATea) York State Mus., Bull. 274, 1928, 3-58), 
in a paper entitled “ Insects and Health," deals in a very lucid 
manner with those insects, for example, houseflies, mosquitoes, 
black flies, cockroaches, and lice, which are known to interfere 
with man’s health. R. H. van Zwaluwenburg {Bull. Expt. 
Sta. Hawaiian Sugar Planters' Assn., Ent. Series, Bull. 20, 1928, 
68 pp.) has made an exceedingly useful attempt to bring 
together all references to the subject of insect-nematode 
association up to 1927. Such well-known diseases as filariasis, 
hookworm, and trichinosis of human beings, and others of 
domestic animals and poultry are involved. The writer 
describes five types of association. Firstly, primary, i.e. 
causing deaths or sterilisation of host, e.g. bumble bees by 
Sphatrularia bombi, orthopterons by Gordius and Mermis; 
secondly, secondary parasitism, i.e. with intermediate host, e.g. 
thorn-headed worm of swine in larval stages in Phyllophaga 
beetle larvae, mosquitoes and filariasis ; thirdly, mechanical 
association, internal, e.g. eggs of Ascaris lumbricoides through 
the tract of cockroaches and housefly; fourthly, mechanical 
association, external, e.g. Rhabditis coarctata on scarabeid 
beetles ; and fifthly, commensalism in nests of ants, termites, 
beetles on grass and rubbish. 

W. Fassnidge {Ent. Rec., 80, 1928, 70-3) gives notes on 
birds as enemies of mining insect larvae. An interesting paper 
on insect scatology by S. W. Frost {Ann. Ent. Soc. America, 
tl, 1928, 36-46) appeared. 
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O. Shinoda has recently been working on the intestinal 
secretion of insects and two contributions have already appeared; 
the mid-intestinal secretion of Lepidoptera together with an 
appendix on the behaviour of mitochondria in the mid- 
intestinal epithelium of the silkworm {Bombyx tnori L.) {Mem. 
Coll. Set. Kyoto Imperial Univ., 8, 1926, 93-116), and a 
comparative study of the histo-cj^ology of the mid-intestine 
in various orders of insects {Zeits. /. Zellfor. u. mikr. Anat., 6, 
1927, 278-92). 

Orthoptera .—^Three papers by V. B. Wigglesworth concerning 
the digestive enzymes of the cockroach have recently appeared. 
The first and second {Biochem. Jl., 81, 1927, 791-811> showed 
that the crop contents are normally rendered acia by the 
action of micro-organisms upon the carbohydrates in the food 
and that these enzymes are active over the same range _ of 
acidity, but in other respects resemble the corresponding 
enzymes from other sources. The third paper {Biochem. Jl., 
88, 1928, 150-61) deals with the enzymes concerned in the 
digestion of proteins and fats. 

R. K. Nabours and B. Snyder {Genetics, 18, 1928, 126-32) 
have reported, in Telmatettix aztecus, that individuals that 
gave parthenogenetic progeny were all descended directly and 
exclusively from specimens captured in a small area in Texas 
and none of the progeny from California were mixed with 
them. This is interesting, since A. D. Peacock and J. W. H. 
Harrison {Trans. Nat. Hist. Soc. Northumberland, Durham, and 
Newcastle-upon-Tyne, N.S.,6,1925) put forward the hypothesis 
that parthenogenesis was consequent on hybridity. Of course, 
the possibility of hybridisation has not entirely been controlled 
by collecting from a single small area. 

A. C. Davies {Univ. California Publ. Entom., 4, 1927, tgg- 
208) discusses in detail the anatomy and histology of the 
alimentary canal of Stenopelmatus fuscus Hald. {Tettigoniidae). 

Coleoptera. —L. Daviault {Ann. Soc. Ent. France, 97, 1928, 
105-32) has made a thorough study of the post-embryonic 
development of Acanthoscelides obtectus Say. The biology of 
the difficult group of flea-beetles (Phyllotreta) attacking culti¬ 
vated Crucifera has been worked out by H. C. F. Newton 
{Jl. S.E. Agric. Coll., 86, 1928, 90-115) and the larval forms 
of the blister beetles {Mehidce) are described and discussed by 
A. Cros {Ann. Soc. Ent. France, 97, 1928, 27-58). 

R. G. Fisher {Forestry, 8, 1928, 40-6) shows that elm trees 
with poor or deficient root systems are more liable to attack 
by bark beetles than trees with ample root systems and that a 
close relationship exists between the health and vigour of the 
tree and its liability to attack. The same writer (^loc, cU,, 5 3-61), 
in a study of Lyctus attack, points out that, while variations in 
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moisture content of wood afifect its liability to attack, how 
such changes bring about the requisite conditions in wood is 
still to be ascertained. With this end in view the food of 
Lyctus is studied and a possible symbiotic relationship existing 
between fungi and wood-destroying beetles of the families 
Lyctides and AnobiicUe are being studied. 

Lepido^tera. —^Systematic studies of the Japanese Crambinae 
and Pyralinae have been made by J. Shibuya {Jl. Fac. Agric. 
Sapporo, 21, 1928, 121-76). 

C. Dumont {Ann. Soc. Ent. France, 97 , 1928, 59-104) has 
made a valuable contribution to the Imowledge of the effects 
of change of food, in this case carrot, upon caterpillars. Such 
a study as this is particularly important in connection with the 
biological control of weeds. The " Hopkins host-selection 
principle ” is discussed by W. R. Thompson and H. L. Parker 
(Bull. Ent. Res., 18 , 1928, 359-64) in relation to Pyrausta 
nubilalis Hiibn., and to some extent finds support. 

After studying the periodic vibratory movements of the 
larvae of Nymphala maculalis Clemens, P. S. Welch and G. L. 
Sehon (Ann. Soc. Ent. America, 21, 1928, 243-57) came to the 
conclusion that the principal if not sole function of these 
vibrating movements is to ensure the continual contact of the 
respiratory surfaces with a changing supply of amply oxygenated 
water. 

Hemiptera. —A comparison of the sucking mouth-parts of 
the Hemiptera has been made by H. Weber (Zeils. f. vergl. 
Physiologic, 8, 1928, 145-86) and deals with the larvae and 
adults of the Psyllids and Aleurodids, and also the Coccids, 
Aphids, Cicads, Heteroptera, and Corixa. An important work 
on the classification of the higher groups and genera of the 
Coccid family Margarodidae has been completed by H. Morrison 
(£/.S. Dept. Agric. Tech. Bull. 52, 1928, 239 pp.). Enid K. 
wkes (Proc. Zool. Soc. London, 1928, 269-305) has worked out 
the life-history of the Coccid bug (Orthezia urticce Linn.) and also 
its external morphology. 

The black scale, ^issetia olece Bernard, is a serious pest 
of the citrus and olive in California. It is heavily parasitised, 
about 51 primary and secondary parasites being known to 
attack it in various parts of the world. H. S. Smith and H. 
Compere (Univ. California Publ. Entom., 4 , 1928, 231-334) 
have endeavoured to cement the foundations of the biological 
control of this scale by a detailed report on the parasites, their 
life-histories, habits, and ecological relationships. 

In a paper dealing with the bionomics of the green capsid 
bug (Lygas pabulinu^ F. R. Petherbridge and W. H. Thorpe 
(Ann. Appt. Biol., lo, 1928, 446-72) have traced a definite 
migration from woody plants such as currants, apples, roses. 
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to herbaceous hosts in the first generation and back to woody 
hosts in the second generation. 

Hymenoptera. —^Several important papers on the biolo^ of 
various parasitic Hymenoptera have appeared recently. H. C, 
James {Ann. Appl. Biol., 16, 1928, 287-316) has done some 
valuable work on the life-histories of certain Cynipid parasites 
of Dipterous larvae. In this paper the writer, in addition, 
describes some new larval forms and has an interesting section 
on early larval forms of parasitic Cynipids. R. N. Chrystal 
and J. G. Myers (Bull. Eni. Res., 19, 1928, 67-77) have studied 
two natural enemies, Rhyssa persuasoria L. and Ibalia leuco- 
spoides Hochenw., of Sirex cyaneus in England. H. E. Box 
{Bull. Eni. Res., 18, 1928, 365-70) describes the introduction 
of Braconid parasites of Diatrcea saccharalis Fabr. into certain 
West Indian islands. The biology of Dinocampus {Perilitus) 
rutilus Nees, a Braconid parasite of Sitona lineata L. by Miss 
D. J. Jackson {Proc. Zool. Soc. London, 1928, 597-630), contains 
a useful review of the literature on the parasitism of Braconids 
of the genera Dinocampus and Perilitus which are usually 
parasites of adult beetles, but occasionally of the larvae also. 
The life-history of Exeristes roborator Fab., a parasite of the 
European Corn Borer, has been studied by J. H. Fox {Ottawa, 
58 pp.). An interesting fact arising from this study is 
that parthenogenesis may occur and unfertilised eggs hatch 
into males, thus a scarcity of males results in an increase of 
males in the immediate offspring. 

M. R. Smith (Ann. Ent. Soc. America, 81, 1928, 307-29) 
deals with the biology of Tapinoma sessile Say, an important 
house-infesting North American ant. 

The second of G. D. Morison’s series of papers on the muscles 
of the bee has appeared {Q.J.M.S., 71 , 1928, 563-651). In 
this the muscles of the alimentary canal, heart, diaphragms, 
and reproductive organs, and the- indirect muscles of the wings 
are described in gross and in histological detail. Controlled 
Mating of Queen Bees, by L. R. Watson {published by American 
Bee Journal, Hamilton, Illinois, 1927, 50 pp.), is a complete 
account of all the facts leading up to the discovery of the 
possibility of artificially inseminating queen bees. How 
important this is may be gathered when one states that now 
genetical research in line-breeding, hybridisation and general 
race improvement becomes possible. Unfortunately only 
skilled workers can successfully do this operation. An article 
summarising this account has appeared by the same writer 
{Quart. Rev. Biol., 8, 1928, 377-90). G. A. R6sdi {Zeits. /. 
vergl. Physiol. 9 , 1927,284-98) has made a valuable contribution 
to the Imowledge of building among bees and the age of the 
builders. K. v. Frisch {Aus den Leben der Bienen, Berlin, 



ENTOMOLOGY 


43* 

1927, X and 149 pp.) has brought out a very useful and well> 
illustrated small book on bees which summarises his own 
work and also R6sch’s. It is a great pity that this book is 
not in English. 

Dipiera. —C. J. Wainwright’s paper on British Tachinidae 
(T rans. Ent. Soc. London, 78, 1928, 139-254) has now appeared. 
This is an exceedingly valuable contribution to the systematics 
of this difficult group of flies. It seems a pity, however, that 
so little of the biology of these flies is mentioned. A useful 
contribution to the study of Dipterous parasites of the European 
earwig has been made by W. R. Thompson (Parasitology, 
80, 1928, 123-58) who gives an original account of the anatomy 
and biology of the two species, Digonicheeta setipennis Fall, and 
Rhacodineura antupia Meig., and summarises the known facts 
concerning their biology. H. E. Box (Bull. Ent. Res., 19, 1928, 
1-6) deals with a Tachinid parasite, Lixophaga diatrcea Townsend 
of Diatrcea saccharalis Fabr. H. J. Muller (Genetics, 18, 1928, 
279-357), in an important review paper on the measurement 
of gene mutation rate in Drosophila, shows how it has a high 
variability and depends on temperature. An hitherto unde¬ 
scribed fly, Hydellia nasturtii Collin, has been discovered in 
this country mining watercress stems by T. H. Taylor (Ent. 
Mo. Mag., 84, 1928, 126-8), and is described by J. E. Collin 
(loc. cit., 128-9). 

H. M. O. Lester and LI. Lloyd (Bull. Ent. Res., 19, 1928, 
39-60), in describing the process of digestion in tsetse-flies, 
discuss a powerful anticoagulin found in the salivary glands 
and a powerful coagulin found in the hinder part of the mesen- 
teron which neutralises the anticoagulin, causing a rapid clotting, 
in order to retain the fluid meal while draining and assimilation 
take place. 

Efforts have been made by M. T. Townsend (Ann. Ent. Soc. 
America, 81, 1928, 121-32) to correlate the distribution of 
certain insects, including Lucilia ceesar L., with environmental 
factors. In general this species was found to be more abundant 
during periiMs of dry warm weather with a high percentage of 
sunshme, stea^ barometer and moderate wind. The seasonal 
frequency of dalliphorine blowflies in Great Britain is dealt 
with by R. A. Wardle (Jour. Hy^. London, 28, 1927, 441-64). 

An important paper on the pigmentation of the larvae of 
SimuUum by V, Voinov (Archiv. Zoologie Exper., 87, 1928, 
223-58) has appeared. H. F. Barnes deals with the genus 
Lestodiphsis of gall midges (Ent. Mo. Mag., 84, 1928, 68-75 
and 142-8); the larvae of these midges are predacious on other 

g ll midge larvae. Keys are given wr the identification of the 
itish species. P. P. Perfiliev has made studies on the 
anatomy of Phiebotomus adults (Bull. Soc. Path. Exotique, 
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81 , 1938, 159-357) and their larvae (Csf$ira, /. Baii., Parastt. v. 
Infektion, 107 , 1928, 296-305). 

J, G. Myers (Ent. Mo. Mag., 64 , 1928, 57-8) describes a 
peculiar feeding habit of Culex pipiens L., in which the females 
drink milk in a dairy from pans containing milk that had 
stood sufficiently long for cream to form on the top in preference 
to fresh milk. No cream was noticeable in dissected specimens. 
As the writer states, the conditions are strikingly analogous to 
those offered by the vertebrate host itself —a skin and a liquid 
beneath—and they are exploited apparently solely by the 
female insects. 

Other Orders. —E. Percival and H. Whitehead have made 
{Proc. Leeds Phil. Soc., 1 , 1926, 136-44) observations on the 
biology of the Mayfly, Ephemera danica Miill., and later {Proc. 
Leeds Phil. Soc., 1 , 1928, 271-88) give further observations 
on the ova and oviposition of certain Ephemeroptera and 
Plecoptera. The ecological significance of the facts recorded 
forms an interesting summary to the latter paper. 

Some results of J. V. Pearman’s work on Psocoptera are 
now appearing ; sound production is dealt with and a presumed 
stridulating organ is described {Ent. Mo. Mag., 64 , 1928, 
179-86), and biological observations on this group are described 
{loc. cit., 209-18 and 239-40). 

A. E. Emerson {Bull. Amer. Mus. Nat. Hist., 67 , 1928, 
401-574) has made a very valuable contribution to our know¬ 
ledge of the termites of the Belgian Congo and the Cameroon. 

H. Womersley {Ent. Mo. Mag., 64 , 1928, 113-5), fe further 
notes on British Protura, gives a key to the British species. 

▲OUOVXiTTrBE: hMlUAJU VUTAITZOV. By Herbert Ernest 
Woodman. M A.. Ph.D., D.Sc., School of Agriculture, Cambridge. 

Evaluation of Feeding Stuffs for Milk and Fat Production in 
the Animal. —Three systems are ip vogue at the present time 
among agriculturists for assessing the productive values of 
feeding stuffs : (i) The Kellner system of starch equivalents ; 
(2) the Hansson system of food units ; (3) the Armsby S3rstem 
of net enepgy values. In this country the German system of 
starch equivalents has formed for many years the basis of 
successful feeding practice, and only in quite recent times has 
the American method of measuring the nutritive value of a 
feeding stuff in terms of therms of energy begun to attract 
attention. The food unit system, although employed with 
conspicuous success in Sweden, Norway, Denmark, and Finland, 
has received but scanty recognition in this country, the probable 
reason for this being that most of the treatises dealing with 
this question have been published in Swedish, a language with 
which not many British scientists are familiar. 
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An interesting paper has appeared recently from the pen 
of the eminent Swedish aniculturist, Prof. Nils Hansson, in 
which he raises a number of objections to the use of the Kellner 
method of assessing food values (Nils Hansson, Versuchstatiomn, 
cv, I, 1927). In the same communication he describes the 
origin and development of the Scandinavian food unit system. 
The main difference between the German and Scandinavian 
systems lies in the fact that, whereas the Kellner starch equiva¬ 
lents were arrived at by measuring, in experiments conducted 
in a respiration chamber, the actual fat-forming values of 
feeding stuffs when included in the rations of fattening bullocks, 
the Swedish feeding standards are the result of numerous 
feeding trials, conducted under ordinary farm conditions, with 
dairy cows, growing pigs and working horses. Hansson points 
out that up to 1923, over a period of 15 years, 77 different 
feeding stuffs had been investigated in Swedish feeding trials, 
this having necessitated the employment in experiment of no 
fewer than 1,536 dairy cows, 1,758 pigs and 462 horses. The 
object of the earliest trials was to find out in what amounts 
the different feeding stuffs could replace each other in the 
rations of animals without affecting the rate of production 
(in terms of meat, milk, or work) in the animal. One kg. of 
average barley, representing i food unit, was adopted as the 
standard for comparison, and the number of food units in 1 kg. 
of any other feeding stuff was based on the amount required 
to replace a given weight of the standard feeding stuff in the 
rations of the animals under experiment. 

In his feeding trials with dairy cows, Hansson discovered 
that the relative values of the different feeding stuffs for milk 
production by no means agreed with the values assigned to 
them by Kellner. In particular, the protein-rich foods dis¬ 
played higher values than are indicated by Kellner’s starch 
equivalents. Hansson concludes, therefore, that although 
the usually accepted starch equivalent of a protein concentrate 
may be a cqirect expression of its fat-forming power in a 
mature bullock, it is far too low as an expression of its milk- 
producing value. He attributes this discrepancy to the circurn- 
Btance that digestible protein is utilised more efficiently in 
milk production than in fat production and suggests that the 
milk-producing value of protein, in relation to that of starch, 
should be based on a comparison of the heats of combustion 
of these constituents. In effect, this implies the use of the 
factor 1*43 (t.«. 5*71 -r 4-00) for digestible protein instead of 
the Kellner factor 0-94 when calculating the starch equivalent 
for milk production of any feeding stuff. When assessing the 
starch equivalent for purposes of fattening, the ordinary expres¬ 
sion of Kellner should be retained. 
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In a spirited reply to Hansson’s paper (G. Fingerling, 
VersHcksUUiomn, cv, i6, 1927) Prof. Fingerling, Kellner’s 
successor at Leipzig-M6ckem, arises that it is quite unnecessary 
to raise Kellner’s protein factor from 0*94 to 1*43 in order 
to obtain a better expression of the value of a feeding stuff 
for milk production. It is incorrect, in the first place, to state 
that the relative effects of protein and carbohydrates in milk 
production are in the same ratio as the heats of combustion 
of these constituents. Further, Hansson makes the assumption 
that only the protein has a higher value for milk production 
than for fat production, whereas this is true of all the con¬ 
stituents of the ration. Kellner recognised the fact tlmt the 
transformation of all the food constituents into milk constituents 
demanded a smaller expenditure of energy on the part of the 
organbm than was required for their transformation into body 
fat. According to Kellner, the starch value of a feeding stuff 
for milk production is 25 per cent, higher than its starch value 
for fattening. 

It would certainly seem, in the writer's opinion, that when 
rationing is based on starch equivalents, the difficulty raised 
by Prof. Hansson disappears automatically, since the funda¬ 
mental fact is taken into account that i lb. of starch equivalent 
in the ration produces in the animal, during fattening, i ,071 Cals, 
of energy in the form of body fat, or, in the case of the dairy 
cow, 1,350 Cals. {i.e. 25 per cent, more) of energy in the form 
of milk. Since the energy content of i gallon of milk con¬ 
taining 3*7 per cent, of fat is 3,000 Cals., it follows that the 
food requirement per gallon of milk should be 3,000 -r 1,350, 
i.e. 21 lb. of starch equivalent. It has been the custom to 
base milk rationing in this country on this figure. Quite 
recently, however, the requirement has been raised, somewhat 
arbitrarily, to 2-5 Ib. of starch equivalent per gallon of milk 
containing 3*7 per cent, of fat. 

The Nutritive Value of Sugar-beet By-products.—K great 
deal of the farmer’s interest in the newly established beet-sugar 
industry is centred on the values, from the feeding standpoint, 
of the various by-products of the beet crop, namely, sugar- 
beet tops, sugar-beet pulp and beet molasses. Investigations 
have been carried out during the last two years at Cambridge 
with a view to securing information on these matters 

It has been demonstrated (H. £. Woodman and J. W. Bee, 
Joum. Agrie. Set., xvii, 477, 1927) that sugar-beet tops con¬ 
stitute a very useful food which is readily consumed by farm 
animals. They are highly prized by the German fanner, so 
much so that the German sugar factories go to a great deal 
of trouble and expense in drying down artificially large masses 
of the wet tops for preservation for winter use. Beet tops 
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contain as much as 85 per cent, of water, and are therefore to 
be classified with the succulent foods. Their most important 
food constituent is the sugar of the crowns, this valuable 
constituent amounting frequently to as much as a fifth of the 
dry substance of the tops. The beet leaves are extremely rich 
in protein and possess many of the nutritional virtues associ¬ 
ated with young pasture herbage. Like other green fodders, 
they contain only an insignificant amount of oil. The Cam¬ 
bridge experiments have demonstrated the highly digestible 
character of beet tops, and have shown that 25 lb. of these 
residues are able to replace 40 lb. of mangolds in the rations of 
live-stock. 

Fresh beet tops contain quite appreciable amounts of oxalic 
acid. Wilting of the tops, however, leads to a very material 
reduction in the content of this harmful constituent, and for 
this reason it is of the greatest importance that animals should 
only be permitted access to tops which have been allowed to 
wilt for some days in the field. The further destruction of 
oxalic acid as a result of fermentative action in the rumen of 
the animal renders the risk of trouble almost negligible. 
Nevertheless, the results of the Cambridge experiments indicate 
the desirability of giving farm stock access to lime compounds 
when feeding on the tops, especially in the cases of the ewe 
flock and the dairy herd. Beet tops should never form more 
than one-third of the rations of dairy cows, though fattening 
bullocks may be given larger allowances. On account of their 
laxative effect, they should be fed with a more binding fodder 
like hay. Care should be exercised in the field to prevent 
undue contamination of the tops with soil. With the first 
signs of putrefaction, which may not set in until after the 
lapse of several weeks, feeding should be discontinued and 
the remainder should be ploughed into the soil as manure. 
Beet tops are extremely rich in mineral constituents, and their 
manurial value, particularly in respect of potash, is quite 
considerable. * 

Where very large areas of sugar beet are grown, it may 
only be possible to secure consumption of a fraction of the 
tops before decomposition begins to set in. In such cases, the 
fanner may wish to preserve a portion of the crop in the form 
of silage. The question of the ensilage of sugar beet tops 
has been dealt with in a recent paper (H. E. Woodman and 
A. Amos, Joum. Agric. Set., xvi, 406, 1926). For various 
reasons, the farmer may be led to attempt the preservation 
of the tops in the pit or clamp. The result, however, is likely 
to be disappointing, since owing to the presence of betaine 
In the crowns, such silage readily acquires a most offensive 
character. Beet tops silage of excellent quality was obtained 
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at Cambridge by filling the whole tops into small wooden 
tower silos in such a manner as to ensure tight packing. 
Eminently satisfacto:^ results were also obtained in respect of 
palatability, digestibility and nutritive value by following the 
common continental custom of ensiling alternate layers of 
whole sugar-beet tops and wet sugar-beet pulp. 

A recent communication (H. E. Woodman and W, E. 
Calton, Joum. Agric. Sci., xviii, S44» 1928) deals with the 
composition and nutritive value of sugar-beet pulp. By 
sugar-beet pulp is meant the residue of the sugar beet after 
extraction of most of the sugar. In the fresh condition it 
contains nearly 95 per cent, of water, but this is reduced to 
about 85 per cent, by pressing. The bulk of the wet beet 
pulp is dried in special drying appliances and sold under the 
name of dried sugar-beet pulp. At certain factories a pro¬ 
portion of beet molasses is added to the wet pulp prior to 
drying, the product being known as molasses-sugar beet pulp. 

Sugar-beet pulp is essentially to be regarded as a source 
of carbohydrate, the dried product, on the basis of a 10 per cent, 
moisture content, containing as much as 59 per cent, of this 
constituent. The amount of sugar remaining in the dried 
pulp varies from i to 6 per cent., the main carbohydrate present 
consisting of pectic material. Dried beet pulp contains no 
more protein than does an average sample of meadow hay. 
It is also seriously deficient in mineral substances. Owing to 
its high fibre content, it has become customary to regard 
dried beet pulp as possessing the character of a roughage of 
moderate feeding value rather than that of a carbohydrate 
concentrate. The common view is to look on this feeding 
stuff solely as a substitute for roots in the ration and to advise 
against using it for the replacement of concentrates in the 
productive part of the ration. 

The results of the Cambridge investigations, however, have 
demonstrated that this view is not correct. Sugar-beet pulp 
has been shown to be highly digestible in the ruminant organism. 
In respect of the digestibility of its carbohydrate and organic 
matter, as well as in respect of its total content of digestible 
material, it compares very satisfactorily with maize meal. 
The process of drying the wet beet pulp in the factory does 
not in any way depress its digestibility. Further, from the 
standpoint of digestibility, it is immaterial whether dried 
sugar-beet pulp is included in the rations of ruminants in the 
dry or the soaked condition. When, however, liberal allow¬ 
ances of the dried product are being fed to animals, it is desirable 
that the food should be well softened in water prior to feeding. 
This procedure will ensure a higher availability of the digestive 
nutrients for productive purposes in the animal, and further. 



AGRICULTURE: ANIMAL NUTRITION 437 

will avert risk of choking trouble which sometimes arises, 
especially with sheep, during consumption of the dried product. 
The fibrous constituent of sugar-beet pulp is very little inferior 
in respect of digestibility to the carbohydrate component, a 
result which justifies the conclusion that the fibre in this 
feeding stuff is present almost wholly in the form of simple 
cellulose, unmixed with any significant amount of the indiges¬ 
tible lignocellulose. 

The digestion coefficient of the protein constituent is rela¬ 
tively low and it would appear that the inclusion of sugar-beet 
pulp in the ration may have the effect of depressing slightly 
the extent to which the animal is able to utilise the protein 
in its food. The possible explanations of this peculiar effect 
are discussed in the original publication. Attention is also 
directed to the fact that almost four-fifths of the total dry 
matter of sugar-beet pulp is digested not by the normal enzymic 
processes, but by the agency of bacteria. The results of the 
Cambridge inquiry, in respect of the digestibility and nutritive 
value of sugar-beet pulp, are therefore only applicable to 
ruminant animals. The extent to which swine are able to 
digest and utilise this feeding stuff will form the subject of a 
separate inquiry. 

The final conclusion is drawn that dried sugar-beet pulp 
must be regarded as a carbohydrate concentrate, i lb. of which 
is capable of replacing o-8 lb. of maize or 0-9 lb. of barley in 
the productive part of the rations of ruminants. Moreover, 
from the standpoint of price per lb. of starch equivalent, dried 
sugar-beet pulp is shown to be a cheap source of digestible 
carbohydrate in comparison with either maize meal or barley 
meal. 

The Food Requirements of Farm Animals .—Mention has 
been made in previous reviews of the investigations which are 
being carried out by Prof. Wood in Cambridge with a view to 
securing precise information concerning the food requirements 
of farm animals. In particular, several papers have been 
dted in which Prof. Wood has dealt with the question of the 
maintenance and production requirements of adult sheep. 
These investigations have been rounded off by the appearance 
during the past year of a paper (T. B. Wood and W. S. Mansfield, 
Joum. Mtn. Agrie., xxxv, 211, 1928) which treats of the 
requirements of ewes and lambs, the authors’ intention being 
to fill in the important gap in the information required for 
computing rations for sheep from birth to maturity. 

By the method of comparative slaughter, it was shown 
that the production requirement of lambs for the first month of 
life is I lb. of starch equivalent per lb. of live-weight increase. 
The interesting fact was elucidated that, in the lamb, there 
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is no increase in basal metabolism per unit area of sti^oe 
soon after birth. The maintenance requirement per unit of 
surface in the sheep is constant through life. In this respect, 
therefore, the lamb differs from the young pig, in which the 
basal metabolism per unit surface area at four months is 
over 70 per cent, higher than it is in the adult (T. Deighton, 
Proc. Roy. Soc., B., vol. 95,1923^. This physiological difference 
is attributed to the difference in the lengths of the gestation 
periods of the ewe (154 days) and the sow (115 days), and the 
authors make the interesting suggestion that there is probably 
a relation between the degree of development of young animals 
at birth and the intensity of the subsequent basal metabolism. 

Other data of interest obtained in this investigation are : 
(i) The production requirement of suckling ewes is about 
3 lb. of starch equivalent per gallon of milk ; (2) average 
ewe's milk contains 2*67 lb. of starch equivalent per gallon ; 
(3) an average ewe yields from 2J to 4 pints of milk per day. 
Finally, the authors show how the data thus secured provide 
a scientific basis for computing rations for suckling ewes and 
young lambs, a problem in animal husbandry which has 
hitherto been considered as belonging to the province of the 
feeder's art rather than to the domain of the scientist. 

Attention has also been directed in earlier reviews to Prof. 
Wood's proposals respecting a new method of computing 
rations for farm animals. These proposals have now been 
embodied in complete form in a recent publication (T. B. 
Wood and J. W. Capstick, Journ. Agric. Set., 486, xviii, 1928) 
in which the principles underlying the rationing of dmry 
animals and fattening stock are dealt with. The writers 
demonstrate that the method of computing rations for milk- 
producing animals, by summating the separate requirements 
for maintenance and production, can be applied with equal 
success to meat-producing animals. Their proposals are 
reduced to the form of the following equation : 

R - Am + gc, 

where R is the net energy of the ration, A the surface area of 
the animal, m its maintenance requirement per unit surface 
area, g its gain in live-weight and c the ener^ stored in unit 
live-weight increase. Where A, m and c are known, and g 
is given any desired value, R, the net energy of the ration to 
be fed for the purpose of producing the desired rate of gain 
of live-weight, can be calculated. The writers show furtho* 
that under certain conditions of experiment, the ec^uation 
can be used for computing the net energy or starch equivalent 
of a feeding stuff. 
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SiaSUTOmiO ASOXSOLOOT. By L. J. P. Gaskim, Librarian to 

the Royal Anthropological Institute, London. 

Revue Antkropologume, July-September 1928, contains an im¬ 
portant article by Dr. van Giffen on the position of Holland 
as an intermediary rerion for the cultural influences of the 
Neolithic cultures of N.W. and Central Europe. 

In support of this assertion Dr. van Giffen divides the 
Netherlands into three regional zones: (iQ Southern, (2) 
Northern, (3) Central, and trace cultural affinities from the 
adjacent countries in each. Of particular interest, in this 
connection, is the question of the relationship between the 
population of the north of Holland in Megalithic times and that 
of the east of England. 

In a long and unfinished article on the “ Neolithic Cultures 
of France,” M. Poisson adopts the geographic and comparative 
method for his argument. He discusses the work of Aoberg, 
Bosch-Gimpera, Schuchardt, Breuil, and Boule in the same 
field. The facts, when finally correlated and co-ordinated, 
should prove important to Prehistorians, but it is a pity that 
the article is not illustrated. 

Trabalhos da Sociedade Portuguesa de Antropologia e Etno- 
hgia, vol. 4, Fasc. I, 1928.—Dr. R. de Serpa Pinto writes on 
the Asturien Station of Ancora, which he discovered in 1925 
and excavated in 1928. 

The Asturien is a culture which Dr. de Serpa Pinto correlates 
with the Campignian in France and the Maglemose in Scandi¬ 
navia ; it extends from Spain (Galicia and Cantabria) to 
Portugal (Ancora and Afife), France (Biarritz) and, perhaps, 
to Ireland, County Antrim. 

More than five hundred implements were discovered at 
Ancora ; of interest in this respect are the hand-axes with 
curvilineal base. The article is well illustrated and contains 
an excellent bibliography. 

Aniiguity, September 1928.—In a long article on the 
*' Rock-pictures and Archaeology of the Libyan Desert,” Mr. 
Newbold makes a careful survey of the areas which he has 
explored and of the stone implements and other archaeological 
material which he found. He classifies the Libyan Desert 
Rock-pictures into four rough groups; (o) Bushman, late 
palaeolithic or early neolithic; (b) early Libyan, neolithic, 
predynastic. Old Empire ; (c) Middle Libyan, Middle and Late 
Empire to the early Meroitic period; (d) Roman, medieval 
and modem. 

In conclusion, he points out that there still remain three 
unexplored areas, namely, the country west and south-west of 
Kufara, the triangle Terfawi-Owenat-Nukheila, and the un¬ 
known country south of Siwa. 
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Skara Bra. —In a letter to The Times of September 3, 
Prof. V. Gordon Childe describes this prehistoric village, and 
in particular his discoveries during the excavations in progress 
this summer. The huts, it was found, were roughly square 
and the walls built of dry masonry ; the street on to which 
these huts opened was roofed with stone slabs, and on these 
slabs the inhabitants threw their kitchen refuse. The excavators 
had to dig down through 4 or 5 ft. of this midden deposit 
before coming to the intact hut to which the street eventually 
led. Along the walls of this hut were enclosures resembling 
pigsties made of great stone slabs. In the floor of the sty on 
the right a grave had been dug, and in it lay two skeletons 
in the contracted posture. The cover-stone of the grave had 
been built into the wall in such a way that it was clear that 
the burial was contemporary with the building of the hut. Prof. 
Childe believes this to evidence a human sacrifice to the stability 
of the walls. On the front of the stone slab which enclosed the 
grave an inscription was found in an unknown script. 

The complete absence of metal in the hut and the discovery 
of well-worked flints and pottery on the floor suggest a Neolithic 
culture which may have survived to a much later era in so 
remote an island, but the runic inscription would seem to 
point to a date not later than a.d. 600. In the face of such 
conflicting evidence, it is hoped that a close study of the pottery 
and the skeletal remains may shed further light on these 
important discoveries. 

Excellent illustrations of the finds have appeared in the 
JUustraied London News for September 15. 

Mitteilungen aus dem Museum fur Volkerkunde in Hamburg, 
vol. 13.—Dr. Gustav Schwantes surveys in great detail the 
Northern Palaeolithic and Mesolithic Era. He deals in turn 
with Northern Chronology, Traces of Man in the first and last 
Ice Age, the Schlutup settlement, and the following cultures ; 
Schaabee, Ahrensburger, Duvensee, Maglemose, Havel, Boberg, 
Oldesloe, and Bloksbjerg. Dr. Schwantes concludes his study 
in a comparison of the Northern cultures with those of Western 
Europe in so far as they have cultural affinities. 

The article is profusely illustrated and has a full bibliography. 

VAntkropologie, Tome 38, Nos. 3-4, contains an account 
of the Azilian cave of “ Trou Violet ” at Montardit by Ida 
Vaillant-Couturier Treat and Paul Vaillant-Couturier. 

In this extremely careful survey of a typical site of the 
Azilian culture there is little to remark. The finds, save for 
the paucity of the material discovered, resemble in every 
way, by the presence of painted pebbles, harpoons, etc., those 
of the Mas d'Azil, and the two burials prove beyond doubt 
the dating of the culture. 
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A fuller survw of the human remains by Miss Sawtell will 
be found in the Paj^s of the Peabody Museum, vol. xi, No. 4. 
The article is well illustrated. » 

Journal of the Royal Anthropological Institute, Iviii, 1928. 
—In the " Introduction of Civilisation into Britain,” Mr. 
H. J. E. Peake traces the routes by which civilisation spread 
over Europe and finally into Britain. The first grain-growers 
and potters, who introduced their art into the ^Egean at an 
early date, probably followed the route of the Danube to 
Switzerland, the Rhine, and the country around Li^ge. A 
Mediterranean trade route existed in early Minoan times, 
from the head of the Gulf of Corinth to Sicily and Southern 
Italy, and the presence of Cycladic beads in Portugal indicates 
that the element#bf civilisation had reached the Atlantic coast 
before 2200 b.c. 

It is thought that agriculture and the potter’s art reached 
England at the dawn of the Neolithic Era. Fragments of 
pottery found at Mortlake and Peterborough and at Rodmarton 
and other sites in Gloucestershire have been described by 
Prof. O. Menghin as Grimston-Keramik and Peterborough- 
Keramik. The Peterborough-Keramik bears close resemblance 
to a similar type of pottery found in Finland and East Sweden. 
At Windmill Hill, Avebury, a prehistoric village of the Michels- 
bffg type, pottery resembling the Grimston-Keramik, but 
bearing closer affinity to the Westische-Keramik, has been found. 

It seems likely that the elements of civilisation passed up 
the Rhone valley into Burgundy, where the Westische-Keramik 
developed among a people who lived in fortified villages of the 
Michelsberg type, thence the culture spread to Switzerland, 
the Rhine, the north of France and Belgium, and from there 
to the south of England some little time before the arrival of 
the Peterborough-Keramik on the north-east coast. 

Miss Garrod describes in great detail the excavation of a 
Mousterian Rock-shelter at Devil’s Tower, Gibraltar. All 
the implement^ discovered in the different stratas were of 
Upper Moustenan t3rpe, and the cave had apparently been used 
only at certain seasons of the year. 

Subjoined* to this paper is a report on the human remains 
by Mr. L. H. Dudley Buxton and a report by Prof. Elliot 
l^ith on an endocranial cast of a Neanderthaloid skull of a 
child of five or six years of a^e discovered in the cave. The 
chief interest in the examination of this endocranial cast lies 
in the fact that the Devil’s Tower skull affords proof of develop¬ 
ments in cembral formation formerly supposed to be the 
exclusive privilege of homo sapiens. The paper is well illustrated 
end, besides a history of the excavation of the site, contains 
en excellent bibliography. 

49 
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MitUilungM d$r atUhropohgisckm GtsiUsckaft in Wim^ 
vol. Iviii, 3-4-—In an article on “ The First Api)earance of 
the Indo-Germans in Hither-Asia,” Herr v. Christian divides 
his paper into two parts ; in the first he traces the descent of 
the Hittites and their first appearance in Hither>Asia, and in 
the second he does the same for the Indo-Aryans. 

Much of the archaeological material upon which he bases 
his study is gathered from such important works as Frankfort, 
Studies in the Early Pottery of the Near East ; Childe, The 
Aryans ; de Genouillac, Ciramique Cappadocienm ; Chantre, 
Mission en Cappadoce ; and other authors of repute. The 
article is illustrated. 

East African Archaeological Expedition .—In a letter to The 
Times of August i, Mr. L. S. B. Leakey describes the achieve¬ 
ments and the hopes of the expedition which has just started 
for East Africa. 

In explaining the position and importance of East Africa 
in the scheme of cultural relationships with Europe, Mr. Leakey 
holds the view that the Capsian Folk came from somewhere 
in the Sahara Desert, which at that time had a temperate 
climate, and that as the Sahara began to dry up these people 
took their culture to the North Afidcan littoral and on into 
Europe, where it is known as Aurignacian, and, perhaps, to 
the south and east of Africa. In the excavations of 1926-7 
the Expedition found a culture closely resembling the Capsian 
and Aurignacian in the Elinenteita district of Kenya Colony. 
The human remains discovered bore close resemblance to those 
of the Lower Aurignacian culture in France, and in no way 
resembled the present negro population. 

A disturbing feature of the Elmenteita culture was the 
presence of large quantities of pottery—pottery is usually 
regarded as one of the criteria of the Neolithic Era. The 
Expedition will search for fresh evidence in thb connection. 

A culture of a later date (2<w b.c.), called the Nakuru 
culture, was found associated with the discovery of a well- 
preserved skeleton, microlithic implements, and evidences of 
an agricultural population. The relation of this culture to 
that of Elmenteita will be one of the problems which the 
Expedition will have to solve. 

The Antiquaries Journal, October 1928.—In an illustrated 
article on the “ Maltese Rock-tombs," Prof. T. Zammit points 
out that it is usual to consider the rock-tombs as characteristic 
of four distinct ^ups ; (1) the Phoenician ; (2) the Cartha¬ 
ginian ; (3) the Roman ; and (4) the early Christian. 

But fiirther discovoies at Bukana, Xaghra, Gozo and 
Nadur Benjemma have led Prof. 2 ^ainmit to believe that the 
Neolithic population also used the rock-tombs; and, in t^ 
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connection, it seems probable that many of these early tombs 
were cleared of their contents in Phoenician da3rs and used by 
the later inhabitants. 

Dr. Cyril Fox and Mr, G. R. Wolseley report on an early 
Iron Age site at Findon Park, Findon, Sussex. The pottery 
series, La Tfene I and La T^ne II, justifies the conclusion that 
the Findon Park village site was occupied about 300-100 b.c. 

The article is illustrated, and contains an appendix on the 
animal remains by C. Matheson and L. F. Cowley. 

Bulletin de la Socidld prihistorique franfaise, July-August 
1928.—M. Henri Gadeau de Kerville writes on the Rock- 
pictures at Crechets, Hautes-Pyr^n^es. Apart from local 
legend attached to these petroglyphs, M. de Kerville points 
out that one at least has some phallic significance. 

He assigns them a Neolithic origin. 

September 1928 contains a note by M. G. Poisson on 
the finds at Fort-Harrouard. The two cultures represented 
are those of the Neolithic and the Bronze Ages. From the 
evidence of the material collected, it is thought that the Fort 
was then abandoned for a period of about four hundred years, 
that is, from La T6ne I to La T6ne III, pottery of the latter 
culture appearing in great profusion. 

The Times, August i8, contains a report on the American 
Expedition in Mongolia. A considerable number of stone 
Implements, dwelling-sites and ornaments of the Mesolithic 
Era have been found. The dwellings are always near sand 
dunes on the shores of lakes (long dry), and were made of skins 
supported by branches. 

Evidences of a Mousterian culture were found, but in a very 
limited amount. 

The Times, September 18, contains a report on the Meare 
Lake village excavations. It is now certain that in the part 
where the excavations are in progress there was a weaving 
establishment, for seventeen combs and twenty spindle-whorls, 
besides triangular loom-weights of different sizes, have been 
found. Of particular interest is the discovery this year of a 
bronze box some 12 in. in diameter, having a cover; the vessel 
is not ornamented, and is in a poor state of preservation. 

The Times, September 24, contains a notice of the German 
Archeeological Institute’s (Dr. Welter) work at Balata (ancient 
Schechem) for this season. The main discovery was that of 
a large blunt-topped pyramid 131 ft. square built on a base 
26 ft. high, apparently part of the foundations of a tower on 
the fortifications. Below the fortifications were found traces 
of an older city which dates from 1700 b.c. It was destroyed 
in 1300 B.c. and covered by the fortifications and tower described 
above. 
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SOIL BACTERIA AND FERTILITY 

By P. H. H. gray. M.A. 

EnAmutU BxpiHmtnUU SAtion, HMtptndm 

Ik any population which can carpr out work as an expression 
of energy, in addition to multiplying its numbers by the 
utilisation of food material, the number of individuals may 
be taken as an index of its capacity for producing a certain 
amount of work. Under ideal conditions, where of a number 
of individuals each produces an equal amount of work, the 
sum-total of the work produced is a function of the number 
working. Under normal conditions, however, in a hetero¬ 
geneous population, the work produced is a function of only 
a fraction of the population. The same is true of the hetero¬ 
geneous micro-population of the soil. This population is 
extremely varied, both in morphology and physiology. It is 
composed of animals (the protozoa) and plants (the algee, the 
fungi including the ray-fungi, and the bacteria). In numbers 
the bacteria greatly predominate, and in addition most of the 
biochemical processes that take place in soil are carried out by 
these organisms. These processes are of great importance in 
renderinjg the soil fertile and capable of supporting the growth 
of the higher plants. 

The soil bacteria live not only in the soil solution, but 
also in the colloidal material surrounding the mineral particles. 
Their food consists of carbon and nitrogen and certain essential 
minerals. These latter are obtained in the form of electrolytes 
from the solution, from the colloidal system, or directly from 
the mineral framework of the soil. Since some of them live 
only in the presence of a sufficient simply of air and others m 
the presence of a minimum amount of it, the colloidal systems, 
organic or inorganic, have a great influence on their activities ; 
these S3^tems control the water-holding capacity of the soil 
and thereby the amount of pore-space available for the organ¬ 
isms. The bacteria obtain their carbon from the organic 
colloidal complexes (collectively termed " humus"), from 
freshly added organic material, or from carbon dioxide. Nitrogen 
is derived from the complex proteins of organic residues, from 
min eral nitrogen, or from the air. 

The bacteria are unable, through lack of chlorophyll, to 
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obtain energy from carbon dioxide of the air in the manner 
of green plants. They can be divided into two groups, based 
on their physiological requirements. The first group comprises 
those that are able to build up their protoplasm through the 
oxidation of simple inorganic compounds and carry out certain 
biochemical processes of first importance to plant life, namely, 
the production of nitrates and sulphates. The second physio¬ 
logical group is composed of those bacteria that depend upon 
organic compounds of carbon for obtaining their energy. These 
compounds enter the soil as plant residues, and are utilised 
in the form of celluloses, pentosans, sugars, and other carbon 
compounds. This group can be further considered under 
two headings: (i) those organisms that can build up their proto¬ 
plasm by obtaining nitrogen from the air (nearly four-fifths of 
which, by volume, is nitrogen); and (ii) those that can only 
utilise soil nitrogen in organic or inorganic form. The former 
physiological group is generally termed the autotrophic, and 
the second group the heterotrophic, bacteria. 

The earlier attempts to enumerate the soil micro-flora and 
to connect them with soil fertility were not fruitful of positive 
results, because the methods that were used were derived 
from medical bacteriology ; indeed, the earliest attempts were 
made by medical workers whose chief interests lay in the 
isolation of pathogenic micro-organisms from various depths 
of soil. It was, however, early recognised that the soil was 
a suitable habitat for bacteria, and further that they were 
capable of active life therein. It has also been shown that 
the soil micro-flora is a distinct ecological group consisting of 
a multitude of forms with only a few outstanding numerically. 
It has been found, too, that different types of agricultural land 
possess micro-populations of varying magnitudes. The purpose 
of counting soil l^cteria, therefore, is to discover what relation¬ 
ship there may be between soil fertility and the bacterial 
population ; and for this purpose only the micro-organisms in 
the first few inches of soil have to be considered. 

Methods 

The ideal method of studying an environment for its 
bacterial population is to examine it directly. This unfortu¬ 
nately is iiot yet practicable, since by the methods so far 
advocated it is only possible to make a rough estimate of the 
number of organisms. The dispersed state of the soil particles, 
which may number many millions per gramme, severely 
interferes with accurate observations through the microscope, 
and the methods in use for staining the film of soil on the 
aiiGro<«lide do not completely differentiate between soil particles 
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and micro-oiiganisms. The method in geno'al use for counting 
has therefore been the plating method, first developed by R. 
Koch in i88i, the basis of which was gelatine mixed with 
complex organic nutrients. The principle of this method 
consists in diluting with sterile liquid a known weight of soil 
to a known degree. A small quantity,_ usually i cubic centi¬ 
metre, of an appropriate dilution is mixed with the nutrient 
gel medium in sterile dishes ; after the gel has set, the dishes, 
covered to exclude dust, are incubated at a suitable tempera¬ 
ture. Each organism in the original diluted suspension that is 
capable of growing on the medium grows until a visible “ colony " 
is formed. The number of bacteria in the soil is estimated by 
taking the mean number of colonies on several plates and 
multiplying by the degree of dilution. The use of gelatine 
as a semi-solid substrate was later replaced to a large extent 
by agar-agar, since large groups of soil organisms were found 
rapidly to liquefy the gelatine. The agar is also less variable 
in its results, and has become firmly established on account of 
the ease with which it can be prepared. Bacteria that can 
utilise agar as a food material or that can liquefy it are extremely 
rare. The use of silicic acid as a gel substrate has not been 
favoured, except in the case of the nitrifying organisms, that 
flourish best in the absence of organic matter, on account of 
the difficulty in preparation. It was not, however, until 
Winogradsky discovered that certain bacteria would not grow 
in pure culture on a medium containing traces of organic matter 
that it was realised that the methods in use for counting soil 
bacteria were not suited to groups which do not appear on 
the plates, and which were of the greatest importance in a 
study of the biochemical processes taking place in the soil. 
These processes are of so varied a nature that it is clearly 
impossible for any one medium to be suited to the physiology 
of all the groups of organisms. The aim of workers in quanti¬ 
tative soil bacteriology has been therefore to search for a medium 
which will give constant results with a fraction only of the 
soil population. It should be possible with such a medium to 
study the fluctuations taking place in this fraction of the 
bacterial population at intervals either of space or of time. 

Tests of Uniformity 

An examination of the literature dealing with the methods 
in use was made by Wyant, and has shown what great lack 
of standardisation has existed. The elimination of highly 
complex oi^nic compounds, such as peptone and meat extract, 
of recognised value in medical bacteriology, has been the first 
step towards a standard medium. Conn used pure mineral 
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salts with the addition of glucose and sodium asparag[inate. 
Others have used an extract of soil as a basis, and this has 
proved to be not so variable as might be expected, even when 
made from different soils. It has been shown that an agar 
medium can be standardised in such a way that accurate 
conformity within the laws of random sampling may be 
obtained in the majority of cases. Given a standard method 
of diluting the sample for the purpose of making a set of plates 
and a medium on which constant results may be expected, 
the errors resulting from the random distribution of the bacteria 
in the diluted suspension (and therefore in the sample from 
which the suspension was made) can be calculated. The 
following figures illustrate the close conformity of results that 
can be obtained by four different workers using the same 
sample of soil and separate but standard manipulative technique. 

Table showing Agreement between Four Separate Workers 


Worker. 



A. 

a 

c 

D. 

Plato No. 



Ntuaber of ooloiiiet ooostod. 


X 



♦ 3 * 

33 

32 

37 

2 

• 


• 30 

3 « 

31 

32 

3 • 



• 30 

28 

31 

32 

4 • 

. 


. 29 

27 

28 

30 

5 • 

. 


• a6 

26 

26 

26 

Mean 

A 


• 09*4 

29*2 

29*6 

314 


The agreement between the four sets is as close as that between 
the five plates in any one set. It is thus po ssible to standardise 
a method to a high degjree of accuracy. 

In making a study of the fluctuations of the soil micro¬ 
organisms care has to be taken that the plot chosen is uniform 
in character. In order to smooth out differences due to uneven 
fertility, it is the practice to take several samples of soil from 
different parts of the plot and to mix them ; a composite 
sample is thus obtained representative of the whole area under 
observation. That this composition is necessary has been 
shown by Waksman, who made counts on fifty-one single 
samples from the same plot. The following figures are taken 
from his paper: 


Bacterial Colonies on Plates hade from Single Samples 


Sample No. 


SamplaNo. 


18 * 

. 177-8 

22 

. ioi*3 

19 . 

189-8 

23 

226*8 

20 . 

. 111-5 

24 

i 67'6 

21 

. 125-5 

25 

XXI *2 


The difference between two adjacent samples may be as much 
as lOo per cent. In studying the numbers of bacteria in soil 
at intervals of timoi therefore, this factor of their uneven 
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distribution in space must be considered, since it iMy otherwise 
introduce large sources of error. If the plot is sufficiently 
uniform, the error from this source can be calculated. The 
following figures show that on a soil uniform in respect to 
numbers the variance between four samples taken simultane¬ 
ously is the same as the value of the variance between plates 
in a single sample. 

SftlDplt 

Plato No. I a S 4 


1 



• 32 

3^ 

34 

a? 

2 



• 32 

40 

38 

35 

3 • 



• 38 

43 

43 

36 

4 • 



a 40 

45 

5* 

41 

5 • 



. 5^ 

45 

55 

45 

Mean 



. 38*8 

40*8 

44-4 

36*8 


Variance of the ao plates, 56-27. 

Variance of the 4 sets, 56*97. 

Fluctuations in Time 

The most comprehensive series of counts of the soil popula¬ 
tion has been that made by Cutler, Crump, and Sandon at 



Days. 


Fig. I.—Daily chamois in mvubbbs or Bactbma and activi 
Amcbb» in Bkoaobalk Field, Rotbamstid. 

intervals of 24 hours for 365 days. The samples were taken 
from a field plot at Rothamsted, which had received form- 
yard manure annually for many years. The simultaneous 
distribution of the bacteria over the plot was found on several 
occasions to be even; any fluctuations that occurred from 
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day to day could therefore only have'been due to fluctuations 
in time. Counts of the protozoan population were made daity 
also, on the same sample. The results of this work, which 
were submitted to a statistical examination, clearly showed 
that daily fluctuations of a very high order take place both in 
the bacterial flora and in the microfauna. The curves in 
Fig. I bring out these day-to-day changes very clearly. The 



Fxg. 3.—^Fluctuations of bactbfxal numbbrs at intervals op 
TWO hours, in halv'SS of a plot of gardbn soil (Thornton), 


degree of fluctuation in the bacterial numbers, often more 
than loo per cent, on consecutive days, is so great as to cast 
doubt upon the value of many previous counts made at greater 
intervals, where the necessity for the precautions referred to 
in regard to sampling and technique may not have been 
realist. Suah dau)r fluctuations have recently been found by 
Smith and Worden, in the United States of America, to occur 
in lawn soil. Their data were statistically analysed by Thornton 
and Fisher, and the fluctuations were shown not to be the 
result of sampling errors. It is possible, therefore, that such 
changes may be of universal occurrence in cultivated soils. 

Since under favourable conditions an organism like a 
bacterium may by simple fission double its numbers in about 
30 minutes, it is important to know whether the changes in 
total numbers of those that develop on the agar-plate may 
not occur within shorter intervals than 24 hours. Several 
series of experiments of this nature have been carried out at 
Rotbamsted. In the earlier of these experiments samples 
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were taken at a*hourly intervals for 6o or 8o hours. The 
bacterial numbers in a plot receiving annually a dressing of 
farm-yard manure fluctuated extensively, even reachii^ a 
difference of loo per cent, in consecutive 2-hourly periods. 
Further evidence of these fluctuations was obtained from a 
specially prepared plot of garden soil, the counts being made 
only in the day-time at 2-hourly intervals. In the case of 
these later experiments similar large differences were found 
to occur between consecutive samples, and to be simultaneous 
on two halves of the plot (see Fig. 2). The result of these 
experiments thus establishes that very great changes take 
place in the number of soil bacteria within very short intervals 
of time, and that the changes may often be of the same order 
of difference, or greater, than differences previously found 
to occur. 

RELATroNsnip TO External Conditions 

The most obvious of the fluctuating external conditions 
which could affect the whole of the soil population are those 
of temperature and moisture. The first of these two factors 
is not subjected to violent fluctuations except on the surface 
layer of soil. Except, indeed, as a contributing factor in the 
rapid drying of soil, temperature has not been shown to exercise 
a great influence on the biochemical activities of organisms in 
field soil. Russell and Appleyard, who made fortnightly 
counts on gelatine of samples from five different plots throughout 
twelve months, concluded that a spring rise in numbers was 
due to the initial rise of temperature and that the effect was 
soon masked by other factors. Fluctuations at 2-hourly 
intervals occur independently of temperature, though on one 
occasion a disturbance of the diurnal rhythm was connected 
with a mid-day temperature wave. These diurnal rhythms 
appear to take place both in summer and in early winter, but 
the numbers in summer varied, in the soil studied, from 32 to 
24 millions, and in winter from 14 to 6 millions per gramme. 
Mbs Crump, by taking counts at weekly intervals, has found 
that moisture and bacterial numbers often vary together. The 
figures given in the table below show thb relationship. 

CONTINCBNCY TaBLB SBOWIKO ReLATIOKSHIP BETWEEN BACTERIAL NUMBERS 

AND Soil Moisture 

Sut0 qI the ViriAUsf, MoUtuw tnd Bacterial Kumbata, 

May x9t6^May 19x7. 

Field. Varying together. One varying. Varying inveraely, 

Broadbalk ... 29 5 9 

Great Harpendexi . * 30 3 10 

Although the agreement appears too close to be accidental in 
such a large number of cases, it must be remembered that 
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moisture is only one of the soil conditions likely to affect the 
micro-population. In the 36s-daily count referred to no 
evidence was obtained that either temperature or moisture 
had any effect on bacterial numbers. It was, however, found, 
by taking fortnightly averages of the numbers of bacteria and 
protozoa, that distinct seasonal changes occurred ; the highest 
numbers of the whole population were found during the spring 
and autumn. In the daily count no relationship was found 
with the rainfall, although the conditions were such that the 
influence of dissolved oxygen (as suggested by Russell and 
Appleyard) in a heavy shower of rain should have been apparent. 
Since the majority of the daily counts were made during the 
drought of 1921, it is possible that greater fluctuations in 
moisture might have been operative during a period of different 
climatic conditions. It should be noted that the general 
level of numbers in the summer of 1920 is less than half that 
of the summer of 1921. A similar difference can be calculated 
from the weekly counts referred to above ; the numbers in 
May to July 1916 being twice those of the same period in 1917, 
a difference of the same order occurring in two separate fields. 

Mean Level of Bacterial Flora in Two Years, during the Season 

May to July 

Bacteria in mlUioos per gramme, 
l^roadbalk. Great Harponden. 

1916 . . . . i8 15 

1917 . . . .9*2 7-4 

Rainfall, however, as distinct from the soil moisture resulting 
therefrom, may be correlated with changes in the bacterial 
numbers under different seasonal conditions. A very close 
correlation has indeed been found in a single case by Thornton.‘ 
On two plots of different manorial treatment, situated several 
yards apart, the bacterial numbers changed synchronously for 
a week at intervals of 24 hours, and the correlation observed 
between the bacteria and rainfall was 0*88. 

Influence of Fertilisers 

This experiment also gave evidence that the population 
that fluctuates in each plot was similar ; the numbers on 
one plot were double those of the other, while the amplitude 
of fluctuations was the same. The manorial treatment of 
the plot having the higher numbers (30 to 50 millions 
per gramme) consisted of an annual dressing of a complete 

• I am much indebted to Mr. H. G. Thornton for permission to use 
these unpublijdiad data. 
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mineral fertiliser, the effect of which has been to raise the 
yield of wheat to threefold that of the other (unmanured) 
plot, whose bacterial population ranged from i s to 30 millions 
per gramme. The effect of the fertiliser can therefore be 
estimated as having also doubled the numbers of the non- 
fluctuating groups of bacteria. 

This raises the question as to whether the numbers of soil 
bacteria can be taken as an index of soil fertility. Such, 
indeed, was the hope of workers in agricultural science after 
Caron suggested in 1895 that any treatment of the soil which 
increased the micro-organisms also leads to an increase in 
crop. Apart, however, from the considerations dealt with 
here, attempts to demonstrate this have not been successful. 
Neller recently obtained correlations between crop yield and 
three other variable, viz. bacterial numbers, oxidising power 
of the soil, and production of nitrate. He found, however, 
no correlation between crop yield and production of ammonia, 
a fact which suggested the unreliability of the usual counting 
media, designed primarily to enumerate ammonifying bacteria, 
as a method of obtaining a microbiological index of fertility. 
We have seen, however, that under carefully standardised 
sampling and counting methods the fluctuations that are found 
in time can be taken as real, and that fluctuations may occur 
synchronously on plots of different fertility. The cause of 
such rapid fluctuations still remains obscure ; they may be 
inherent in the life-cycle of the bacteria whose numbers are 
determined, due to fluctuations in groups of bacteria which 
do not appear on the plates, or due to conditions set up by 
the protozoa. 

The protozoa are a normal part of the soil population, and 
some of them have an influence in depressing the size of the 
bacteria population. They occur most numerously in the 
same layer of soil in which the highest numbers of bacteria 
are found, and greatly exceed them in bulk. Methods of 
estimating their numbers depend upon cultivating on organic 
media different dilutions of the soil suspension. The amoebae 
are of the greatest importance in connection with bacterial 
numbers, though flage^tes and ciliates are also known to 
feed on bacteria. Cutler has shown the feeding effect of amoebae 
and flagellates on bacteria by inoculating cultures into sterile 
soil. In the absence of protozoa bacterial numbers reached 
170 millions per gramme in two weeks and remained high, 
while in the presence of flagellates or amoebae their numbers 
were depressed to about 50 millions. 

In normal field soil the number of bacteria and active 
amoebae (but no other type of protozoa) vary inversely, with 
a high degree of fluctuation from day to ^y (see Fig. 1). 
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These Inverse fluctuations occurred in 86 per cent, of the day- 
to-day counts referred to. Some species of protozoa pass 
through daily rhythms which have no evident relationship 
to bacteria numbers. From the fact, however, that seasonal 
rhythms occur in the protozoan population as well as in the 
bacterial, there must be external causes affecting the whole 
population ; the numbers of protozoa may not wholly depend 
upon food supply. It is possible, however, that they also 
cause considerable fluctuations amongst the bacteria that do 
not appear on the plates. The experiments of Russell and 
Hutchinson clearly showed that incomplete sterilisation of 
soil, sufficient to destrw organisms like the protozoa, resulted 
in increased crops. These organisms may therefore be an 
important factor in depressing the level of fertility through 
their action on the bacteria. 

From the physiological standpoint, the relation between 
productivity and certain of the more important biochemical 
processes has been clearly demonstrated. Waksman sum¬ 
marises the results of experiments with regard to nitrification. 
The following is condensed from this summary : 


Level of fertility. 

High 

Medium . 
Poor 


Reletive nitrifyinf cepeclty of toil. 


Rothemeted. Nevada. Kewill. 

• 93 54 21 

.38 30 8 

,26 4 4 


Such tests have been applied by several workers and correla¬ 
tions found to exist where the soil is not of too acid reaction, 
but the numbers of the nitrifying bacteria (which are probably 
artive in all normal cultivated soils) have not yet been estimated 
with certainty. The conditions of the soil at the time of 
making such tests may account for results of the opposite 
nature, since any disturbance of the soil by external influence 
will change the equilibrium of the micro-population for a time. 
Similarly, whenever there is a limiting factor to plant ^owth, 
such as insufficiency of an essential mineral, relationship 
between bacterial numbers in one group or another and fertility 
can ako be demonstrated. The nitrogen-fixing organism 
Aeotobacter requires an appreciable amount of phosphorus 
for its metabolism since over half of its ash content may consist 
of phosphoric add. The insufficiency of phosphoric add in 
soil therefore becomes a limiting factor for the growth of this 
organism as well, and the apparent relative abundance of 
Azotobacter can be utilised as an index of the soil’s deficiency 
in this respect. In connection with this test, however, the 
actual numbers in fresh soil have not been estimated with any 
di^ee of certainty. We see, therefore, that through the 
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limltattons of the plate counting methods, two at least of the 
groups of soil bacteria that carry out important biochemical 
processes are not included in the general count. 

This limitation was early recognised in micro-biological 
analysis of soik, and in order to overcome it a method was 
devised by Hiltner and Stdrmer for counting the numbers in 
the different physiological groups of bacteria. This also con¬ 
sisted in diluting the soil with liquid, but a series of different 
degrees of dilution were inoculated into a liquid culture media 
of compositions suited to the nutritive requirements of the 
various known physiological groups. The number of organisms 
of each group was calculated by observing the degree of highest 
dilution at which growth occurs; between this and the next 
dilution (at which no growth occurred) the number of bacteria 
was supposed to lie. For various reasons, however, this 
method l^s not been favoured. The chief objection is that 
liquid culture media are not suited to the growth of many 
organisms, and there is no clear indication that a single organism 
wiU develop—^it has been found in fact that some species will 
grow only if there is a certain number of cells together. The 
method, with duplication only, involves a large amount of 
material and space ; and the results have been found to be 
too variable. This method has proved useful for indicating 
the presence or absence of certain groups in a soil at a particular 
time. It cannot be used to give any indication of bacterial 
fluctuations at short intervals, and without this the figures 
obtained as an index of seasonal changes may be of no 
value. 

Several biochemical reactions of the soil have been found 
to have some bearing on fertility. These reactions may be 
considered as due to certain physiological groups of the micro¬ 
flora, though not of any one species of the bacterial group, 
for the actmomycetes and fungi are also effective in breaking 
down org^ic matter. Since it has long been known that the 
consumption of oxygen dming the decomposition of organic 
matter in soils and the output of carbon dioxide therefrom 
were chiefly due to biological phenomena, these processes have 
received particular attention as a means of estimating micro¬ 
biological activity. Amongst these processes are the decompo¬ 
sition of cellulose, pentosans, and sugars, mannitol decomposi¬ 
tion, and the nitrogen-fixiM capacity of soils. Many of such 
biological phenomena in soil result in a measurable production 
of carbon dioxide, and Russell has found that there is a relation¬ 
ship between oxygen consumption and the fertility of arable 
soik. It has been found, indeed, by Stoklasa that a fertile 
soil may produce four or five times as much COg as a poor soil 
containing little organic matter* Similar results have been. 
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obtained by Waksman and Starkey; their results for the 
respiratory mdex of soils are related to the crop yield as follows: 

Sott 

Manured and 

Untreated. fertillied. 

COf • « • • 4 z 4'^5 

Yield . . • • • X 3*57 

In work of this type less value can be attached to any single 
figures given for the numbers of bacteria, since the variation 
between these in different soils is usually not much more than 
might occur at short-time intervals even in the soil having the 
lowest numbers. In addition, it must be remembered that 
the phenomenon of CO, respiration is a function not of one 
group of the bacteria but of the total micro-organic population. 

Direct Methods 

It may prove possible to obtain an accurate estimate of 
the total flora of a soil by a direct method, first developed by 
Conn in 1918. In principle this consists in staining a thin 
film of a suspension of soil on a microscope slide ; the organisms 
take the stain (a dye of the eosin series) and the soil particles 
and colloidal material for the most part remain unstained. 
From such preparations Conn found up to twenty times the 
number of organisms as are found by the plate method. Wino¬ 
gradsky has further developed this method, and considers 
that soils have a stable flora that inhabits the colloidal system 
and is chiefly concerned in slowly decomposing the humic 
matter, and a flora that he calls z3rmogenous, since it rapidly 
grows on the addition of certain organic or inorganic compounds. 
Similar conclusions are reached by the Russian workers A. A. 
and B.A, Richter, who group the soil flora under three descrip¬ 
tive headings : cocci, Azotobacter cells, and bacilli. The relative 
numbers of these groups are given by them, for loam soil at 
10 centimetras depth, as 569, 184, and 106 millions respectively. 
The total found at the surface is given as 1,400 millions per 
gramme. The numbers agree approximately with those given 
by Conn, but at present no great reliability can be placed 
upon comparative figures, since errors in the technique have not 
been estimated and the amount of soil examined is not known 
with accuracy. A new technique for counting bacteria in 
stained films of soil (see Nature, vol. 122, p. 40(^ has recently 
been developed at Rothamsted. The method, which eliminates 
the need of having a known weight or volume of soil on the 
slide, allows of an accurate estimation of error, and it therefore 
becomes possible to count with certainty the number of 
bacteria in parallel samples of soil and also to estimate the 
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fluctuations of tlie population In time. In r^ard to the majgni- 
tude of the soil micro>flora, the results so far obtained 
emphasise the fibres quoted above, for example, the number 
of colonies on Thornton’s count medium indicated about 
20 million bacteria per gramme, while the number found by 
this direct method was as high as 4,000 million. It is, 
however, impossible as yet to distinguish between dead 
and viable bacteria. The method allows of a certain reliance 
being placed upon qualitative counts, since the relative num¬ 
bers of different morphological groups can be compared. 
When difficulties at present inseparable from the technique 
have been overcome such a method should open up a complete 
new field for exploration both in qualitative and quantitative 
soil microbiology. 
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I. Historical 

Fishery research is of comparatively recent date. It took its 
oripn in the last quarter of the nineteenth century from two 
main sources—(i) the growing interest in marine biology and 
the science of the sea which culminated at the time in the 
famous Challenger expedition (1872-6), and (2) the pressing 
need for investigating the alleged decline in the productivity 
of the deep sea fisheries. 

Although complaints of the damage done to the stocks by 
fishing operations were rife in the middle years of last century, 
the danger of " overfishing,” so far as bottom-living fish are 
concerned, did not really exist before the introduction and 
spread of steam trawling in the ’80s. We know now, as the 
result of research, that prior to the present period of intensive 
fishing, the earlier methods—lining and trawling by sailing 
boats—affected mainly the accumulated stocks of fish and did 
not at all reduce the possible annual yield. Huxley w’as 
right in 1883 when he asserted that the resources of the sea 
were practically inexhaustible by the methods of fishing 
then in vogue, and on the basis of this advocated the 
sweeping away of all restrictive legislation. Nowadays he 
would not have been so bold—^the increase of fishing power has 
been so enormous and the effect upon the stocks of fish is so 
gfreat and so definitely established that there is, at least in 
certain areas and for certain fish, some doubt as to whether 
we are not taking from the sea a greater weight of fish annually 
than can be replaced by the natural processes of reproduction and 
growth. There arises therefore the question of ” overfishing.” 

It became acute in the ’90s, particularly with regard to the 
flat-fishes of the Southern North Sea, and several attempts 
were then made to introduce legislative restrictions. The 
pressure was, however, relieved by the spread of the trawl- 
mhery to other regions—to Iceland and Faeroe, and later 
to the Barents Sea on the northern coast of Russia and the 
.great hake grounds of the Atlantic Slope. At the present 
30 457 
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day, British fishing vessels range from the Barents Sea in the 
north to the Morocco coast in the south, and from the North 
Sea west as far as Greenland. There is hardly a square mile 
of accessible and fishable ground inside 250 fathoms which is 
not visited at some time or other by a British trawler or steam 
liner. There is now little new ground left to explore and 
exploit, and the problem of over-fishing again recurs. The 
war gave the grounds a certain amount of rest and permitted 
a certain accumulation of stocks, but this temporary surplus 
was soon swept away when fishing got into full swing a year 
or so after the war. 

In this country fishery research was started in the '80s 
under the auspices of the Fishery Board for Scotland ; some 
time afterwards, several workers, among whom may be 
mentioned Cunningham and Holt, took up these problems in 
England, in connection with the recently founded Marine 
Biological Association. At the beginning of the present 
century, an important step in advance was taken by the 
foundation of the International Council for the Exploration 
of the Sea. To this organisation all the maritime nations of 
North-Western Europe gave their adherence, and hence¬ 
forward marine and fishery investigations were in the main 
carried out on an international basis. The early programmes 
of the International Council show clearly the twofold interests 
which led to its formation. On the one hand there was the 
purely scientific interest in general oceanography and marine 
biology which led to extensive researches being carried out 
on hydrography, plankton and bottom-fauna ; on the other, 
there was the more practical preoccupation with economic 
problems, which led to an intensive study of the food-fishes, 
and particularly to the elaboration on an adequate scale of 
fishery statistics concerning the quantities and sizes landed. 
The Council has very wisely always insisted on the need for 
a broad basis of general research on the conditions of life in the 
sea, in order that the results of the more directly economic 
work may be seen in their proper relations and interpreted 
scientifically. Much good has come of the close association 
and co-operation of the national workers : we in Great Britain 
owe much to the splendid work done by the Norwegians, the 
Swedes and the Danes. 

Even a short account of the varied activities of the Council 
would go far beyond the scope of this article; the reader who is 
interested may be referred to the Anniversary Volume ii\ 
recently published by the Council on its first twenty-five 
years’ work. ^ 

The English share in the international investigations was 
up to 1910 undertaken mainly by the Marine Biological 
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Association, who maintained a laboratory at Lowestoft, and 
a trawler, the Huxley, for the sea work. During that period 
the investigations related chiefly to the plaice and the plaice 
fisheries, and very admirable and important work was carried 
out on migrations, growth-rate, transplantation, and so on. 
The general control was in the hands of Dr. Allen, while Prof. 
Garstang, ably assisted by Mr. J. O. Borley, was in actual charge 
of the investigations. 

The Ministry (then the Board) of Agriculture and Fisheries 
took no direct part in the work at sea, but confined its attention 
to the very important task of establishing reliable and adequate 
fishery statistics, and of accumulating very extensive data 
as to the sizes of plaice and other fish landed at the markets. 
The credit for this achievement belongs in the main to two men, 
the late Mr, W. E, Archer, then in charge of the Fisheries 
Department, and Sir Henry Rew, then in control of the 
Statistical Branch of the Board. It may justly be claimed 
that the fishery statistics of England and Scotland are the 
finest in the world [see 2]. 

In 1910 the Board took over the complete control of the 
English international work ; the laboratory and ship were 
pven up, and the work continued under somewhat un¬ 
satisfactory conditions in London, Plans for reorganisation 
were maturing when war broke out and put a stop for nearly 
five years to all deep sea researches. 

It was early realised that the necessary restriction of 
fishing operations during the w-ar had brought about important 
changes in the stocks of fish, and that a large-scale experiment 
had thus been instituted, of which it was important to take 
prompt advantage. The opportunity was not lost ; several 
men were at work on commercial trawlers in 1919 measuring 
the fish and establishing the changes in size that had occurred. 
These changes were particularly noticeable in the plaice, 
and a year’s intensive study of the post-war plaice stocks 
was carried qpt in 1920-21 with the aid of a trawler chartered 
for the purpose. The results were striking—the average 
size of the plaice was found to have increased, while the growth- 
rate had fallen off, and curious changes had taken place in the 
distribution of the various sizes. A summary report on these 
investigations was published under the title, “ The Plaice 
Fisheries and the War ” [3]. 

During this period also, thanks largely to the energy of 
Mr. H. G. Maunce, Fisheries Secretary of the Ministry, and 
IVof. J. Stanley Gardiner, temporarily in charge of the research 
side, adequate provision was at last made-for fishery investiga¬ 
tions ; the staff was largely augmented, laboratory accommoda¬ 
tion was found at Lowestoft, and a powerful ship acquired. 
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This placing of the research work on a permanent and satis- 
factoty footing was rendered possible by grants from the 
Development Commission made on the advice of a competent 
and enlightened Advisory Committee. At the same time 
adequate provision was made to subsidise the main marine 
biological stations in the country, particularly that at Pl3miouth, 
in order that they might continue to carry out_ that general 
work on marine biology and hydrography which is required to 
supplement the more specialised work of the Fishery Depart¬ 
ments. The net result was a new impetus given to marine 
biology and fishery research in England and Scotland. 

II. Organisation, Problems and Methods 

The Laboratory at Lowestoft was not specially built for 
the purpose of fishery research, an existing building on the 
South Esplanade being adapted for the use of the staff. Part 
of the statistical staff of the Fisheries Department is also housed 
at the Laboratory—a convenient arrangement, since much 
of our work is statistical and in a sense all fishery research is 
based on fishery statistics. The ship, George Bligh, is a Mersey 
type trawler, built for the Admiralty during the war. Certain 
alterations were made to provide living and laboratory 
accommodation for the scientific staff, but the main lay-out 
and equipment is that of a standard trawler. Her length is 
138 ft. overall and net tonnage 132. One is often asked the 
origin of the name George Bligh —she was one of a class of 
trawlers whose names were taken from the roll-call of Nelson’s 
Victory. The ship is kept in commission all the year round, 
and carries out regular cruises at about fortnightly intervals. 
Normally the area of operations is the southern half of the 
North Sea, but on occasions she may go farther afield. Her 
first trip as a research ship was a voyage of exploration to 
certain little-known banks off the Western Isles, and an un¬ 
charted bank then discovered north of Rockall has been 
appropriately named George Bligh Bank. Occasionally cruises 
are made down Channel and to the hake grounds south and 
west of Ireland. Two or three members of the Laboratory 
staff accompany each cruise, and it is generally possible to 
accommodate also anyone who is interested in the work and 
desires to see how it is carried out. 

The work at sea consists mainly in the collection of material 
—measurements of fish, otoliths and scales, plankton samples, 
water samples, and so on—^which are dealt with later at the 
Laboratoiy. The general plan of the investigations is to make 
a thorough study of two or three of the principal species of fii^ 
in all their aspects—time and place of spawning, distributioQ 
of the young stages, rate of growth, food, migrations. TIm> 
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stud]^ of the fish entails the study of its environment, both 
physical and biological, and hence fishery research must broaden 
out to include the study of bottom fauna and plankton, the 
ph}rsical nature of the bottom, tides, currents, and generally 
the physics and chemistry of the sea. Many different sciences 
must therefore be brought under contribution. This diversity 
of the work necessarily leads to specialisation among the staff 
—some devote themselves mainly to the direct study of the 
fiish, some to plankton, others to hydrography. There are, 
however, no water-tight compartments ; all are engaged as a 
team* on the same general problems, to the solution of which 
each contributes his part. 

What, then, are these general problems ? Apart from the 
general acquisition of knowledge, which has a remarkable way 
of turning out in the long run to be of practical use, the main 
problems whose solution we seek may be said to be two—the 
rational and economical exploitation of the fisheries, and the 
prognostication of good and bad years. 

By the rationa lexploitation of the fisheries we mean getting, 
at the least possible cost, the maximum annual yield of fish 
that is possible without prejudicing future supplies. This 
sounds simple, but is in reality an extremely complicated 
problem ; a full exposition of it would take much more space 
than is available here. Let me only say that towards its 
solution all our resources must be brought to bear—elaborate 
and long-continued statistics of the quantities and sizes landed, 
extensive measurements at sea on commercial vessels of the 
actual sizes caught (we have a staff of nine measurers constantly 
at work), age-determinations of typical samples, study of growth- 
rate in relation to available food and to the intensity of fishing, 
direct experiment with different kinds of fishing gear with the 
object of avoiding the capture of undersized and commercially 
valueless fish. It is necessary to make a rough census of the 
fish in respect of abundance, size, age, and growth-rate, every 
year, and to keep up this census over a long period, in order 
that the real significance of the changes in the landings may be 
understood. In fishery research there are no simple little 
problems which can be disposed of in a month or two and 
written up in neat little papers ; the problems are all of long 
range in time and relate to enormous stretches of sea. The means 
of tackling such big-scale problems are admittedly hardly 
adequate, but it is necessary to plan broadly and do one’s best. 

Closely connected with the problem of rational exploitation, 
both theoretically and in practical methods, is the question 
bf stud}dng the fluctuations in the fisheries. It has long been 
known in a general way that the stocks of fish may vary 
bonsiderably from year to year in a manner quite independent 
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of the amount of fishing. The modem study of these fluctua¬ 
tions dates from the investigations of Johan Hjort and his 
collaborators on the Norwegian herring. They showed that 
a good fishery depends upon the occurrence of an exceptionally 
abundant year-^oup, which swells the stock and persists 
for some years, giving rise to a successful fishery. The classical 
case is that of the 1904 brood of Norwegian herring which 
predominated for many years and was still traceable after the 
war. Conversely, if a year-group is much below the average, 
the fishery in subsequent years is adversely affected. This 
phenomenon of big variations in the annual influx of new 
brood has been found to be common to most fish. Veiy striking 
results have been obtained by the Scottish investigators on 
the haddock, and the phenomenon has also been clearly 
established in the East Anglian herring fishery and in the 
plaice fisheries of the southern North Sea. For further details 
reference may be made to a comprehensive paper by Hjort [4]. 
As things are now, it is possible in some cases, by an age- 
analysis of the younger fish, to form a pretty good idea of the 
probable success of the fishery in the next year or two. The 
stage of actual prognostication has perhaps not yet been 
reached, but it is very near. 

As regards actual methods and gear employed in these 
researches—it is impossible here to give any full account. The 
most important gear is undoubtedly the trawl of full commercial 
size, with a spread of approximately 100 feet. For the capture 
of small fish, the terminal bag of the net (“ cod-end ”) is 
covered with fine meshed netting. Dredges and small trawls 
are occasionally used for special purposes, and fine seines are 
employed for the collection of tiny fish on beaches and in 
estuaries. Standard nets and water-bottles are used for the 
plankton and hydrographical samples, and the somewhat 
larger planktonic organisms and larval fish are taken by means 
of the Petersen Young Fish Trawl, a large net made of coarse 
sacking which can be towed at various depths above the bottom. 
For quantitative bottom-fauna work the standard instrument 
is the Petersen “ grab,” or bottom-sampler, which bites out 
a known area of bottom soil and brings it up with the animals 
therein contained. For the hydrographical work some special 
instruments have been evolved at the Laboratory, notably 
a surface-sampler which can be towed at full speed by liners 
(regular observations on temperature and salinity are made 
for us on several steam-ship routes and from several Light 
Vessels), and a emrent indicator, by means of which a regular 
tally has been kept for several years of the drift of water from 
the English Channel into the North Sea. (On oceanograplflc^ 
gear and methods generally see 5 and 6.) 
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Of methods peculiar to, or at least characteristic of, fishery 
research, may be mentioned the age-determination of fish by 
counting the rings or zones on the otoliths or scales, and the 
marking of fish by means of little ebonite or silver discs. 
Marking can be very successfully carried out on certain fish, 
particularly plaice, and gives invaluable information as to 
migrations and as to the toll taken by fishing operations. 
Marked fish are returned by fishermen who trawl them up, 
and in some cases a surprisingly high percentage may be 
returned in the course of a year—30 to 40 per cent, is 
not unusual in plaice. The use of drift-bottles, surface and 
bottom, for determining the trend of the currents—a most 
important factor in the life of all larval fish—is also a routine 
method extensively used, and recently bottles have been 
invented at Lowestoft which will float for a pre-determined 
time and then sink and anchor themselves. 

III. Some Results of the Investigations 

The results of the Lowestoft researches are published in 
a series of reports issued by the Stationery Office under the 
title of “ Fishery Investigations,” of which seven volumes have 
appeared since the war. In this series appear also the papers 
relating to the other branches of fishery research carried out 
by the Ministry, namely, the shell-fish work at Conway, and 
the fresh-water investigations based at Alresford and Cambridge. 
The ” Fishery Investigations ” series of reports is not very well 
known, nor is it to be found in many libraries—but this is not 
the fault of the Department itself. Of recent years many 
shorter papers and preliminary notes on the Lowestoft work have 
appeared in the Journal du Conseil, published at Copenhagen 
by the International Council for the Exploration of the Sea. 

I shall not attempt to give a catalogue of results achieved, 
but shall mention merely a few typical instances. By arrange¬ 
ment with our Scottish colleagues, there is a certain division 
of labour in Qur fishery work, haddock problems being tackled 
by Scotland, plaice and cod by England, while both countries 
investigate the herring in common. Scotland has also, on a 
more local scale, her plaice problem, and we in England have 
recently taken up the hake. 

Of the plaice it has been said that more is known of its 
general life-history and habits than of any other animal. 
Whether this be strictly true or not, it is certain that an 
immense amount of detailed information is now available 
about the plaice, the haddock, the herring, and some other 
fish. It isjpossible in fishery research, by making use of the 
facilities afforded by commercial vessels, to gain a really 
enormous amount of data as to quantities and sizes caught. 
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where and when they are most abundant, and to rough out 
the general movements from this source alone. Fish can be, 
and are, measured in hundreds of thousands, and scales and 
otoliths collected certainly in thousands. This material is 
supplemented by the more restricted but more valuable data 
obtained by the research vessel, and altogether the sampling 
of the stock is on a scale which is of a different order from that 
generally achieved in biological research. Not that, con¬ 
sidering the vast areas to be covered and the rapid periodic 
and aperiodic changes in the stock, the scale of sampling can 
be regarded as really adequate, or as adequate as one could wish. 
Nevertheless, it remains true that of few animals is such a close 
census kept as of the plaice in the southern half of the North 
Sea—^their numbers, age-composition, rate of growth, mortality 
rate, and so on. The object of the work is of course to establish 
what fluctuations occur in the stock and at what rate the 
stock is depleted by fishing, in order that measures may be 
taken to maintain and if possible increase the annual yield. 
The whole story is not yet known, and in particular the causes 
of the variations in growth-rate are not fully elucidated, but 
very considerable contributions have been made since the war 
by Mr. Borley and Miss Thursby-Pelham [see 7 and 8]. The 
egg-production of the plaice and the distribution of eggs and 
larvae have been elaborately studied by Mr. Buchanan- 
Wollaston [9]. 

In connection with the study of the growth-rate of the 
plaice (and other fish) it is obviously important to investigate 
the amount and the fluctuations of the available fish-food, and 
work of this kind was taken up energetically shortly after the 
war. It was known from the pre-war work that the Dogger 
Bank was an exceptionally good ground for the growth of 
plaice, and accordingly several very thorough surveys of this 
area were made by means of the Petersen Grab. The results 
disclosed an unexpected and significant state of affairs’, for 
it was found that the two principal bivalve shellfish on the Bank, 
on which the plaice and haddock fed, occurred in certain years 
in vast beds, which might be as much as fifty miles long and 
twenty broad. The distribution within such “ patches ” was 
so evenly graded that it was possible to contour them, and 
estimate with a fair degree of accuracy the total numbers 
present. One particularly large “ patch ” was found to have 
something like 4,500,000,000,000 individuals of the bivalve 
Spisula subtruncala. By repeated surveys it was possible to 
follow up the fate of some of these patches, and to gam valuable 
information as to the rate of growth, rate of mortality, and so 
on of these shellfish. It was conclusively shown that the 
amount of food on the Bank was subject to enormous flue- 
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tuations from year to year. The subject is discussed by Mr. 
F. M. Davis in two papers [see lo] which form an important 
contribution to the study of animal ecology. Other work on 
fish-food, particularly the examination of stomach-contents, 
is carried on as a normal routine, and has yielded interesting 
results, especially for cod [li] and hake [12]. 

The life-cycle of the mature cod in the North Sea has been 
worked out by a judicious use of market-statistics, measure¬ 
ments, experimental trawling and marking [see Graham, ii] 
and the very difficult problem of the age-determination of 
the immature cod has been studied with some measure of success 
[13]. In connection with the cod investigations an interesting 
experiment was carried out in correlating the drift of eggs 
and larvae with hydro^aphical conditions. Given the places 
and times of spawning in early spring, Dr. Carruthers estimated 
from a knowledge of the actual winds and small experiments 
with drift-bottles where the larvae should be found in subse¬ 
quent months. Concurrent fishing experiments were made at 
intervals for the larvaj and tiny fish, and good agreement was 
found between estimated and actual positions of the pelagic 
fry [see Graham and Carruthers, 14]. 

Space does not permit of more than a passing reference 
to the work on hydrography and plankton which is regularly 
carried on as an integral part of our programme. Since all 
larval fish are distributed at the mercy of the currents for at 
least a few weeks of their lives, it is necessary to know in great 
detail the current-system in the North Sea and its adjacent 
waters. This has been studied on a considerable scale by means 
of salinity observations, drift-bottle experiments, and current- 
meter readings, and the close relation of water-movements 
with meteorological conditions clearly established [see refs, 
under 15]. Since some fish, notably the herring, throughout 
their life, and all fish in their post-larval stages, feed on plankton, 
the importance of its study is obvious, and notable results have 
been obtained by Mr. Savage [16] and Mr. Hardy [17]. 

With regard to the herring—a great deal of solid work had 
to be carried out to establish the elementary facts regarding 
spawning places and times on the East Coast of England, the 
drift of the larvae, the life-history at the whitebait stage and 
in the gap between this and the stage when they occur in the 
big shoals when they are fished for by drift-net and trawl. 
This was successfully accomplbhed by Dr. Wallace [18] and Mr. 
Hodgson, and a regular size and age census is now being kept, 
which enables us to follow the fluctuations in the yeargroups and 
to some extent to estimate the future course of the fishery [19]. 

Finally, 1 must mention an important practical line of 
work which is in coarse of development—^the study of fishing 
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gear, especially the otter trawl and its modern development 
the Vigneron-Dahl trawl, with the object of establishing the 
effect of different sizes and shapes of cod-end mesh on the 
sizes of fish caught. It seems certain that by suitable 
modification of the mesh a part at least of the present useless 
destruction of undersized fish can be avoided, with consequent 
benefit to the yield of the fisheries. 

IV. The Relation of Fishery Research to 
General Biology 

It is, I hope, clear from the foregoing account of the methods 
and results of fishery research that we deal essentially with 
problems of animal ecology. It is the fish in relation to its 
environment that is the main object of study. Hence the 
importance of the ancillary studies such as hydrography ; 
hence the need for organised team-work covering other branches 
of science besides zoology. That fishery research is in a 
position to contribute to the general science of animal ecology 
does not seem to be fully realised by the professional ecologist, 
and more use could undoubtedly be made of our results if 
they were more fully known to the academic worker. We are 
in the fortunate position of being able to collect material and 
data on a very large scale, and so to be of service to the ecologist 
if he wants our help. To the systematist we can supply, in 
respect of certain species, extensive data as to distribution, 
local races, and variation. The “ race " problem is actually of 
considerable practical importance in fishery work, and has been 
extensively studied. A forthcoming publication of the Inter¬ 
national Council on this subject, of the nature of a symposium, 
provides a useful mise-d-point of the situation, and contributes 
towards the solution of the eternal “ species-problem.” 

A word in conclusion about the fishery worker himself. 
Long experience of fishe^ investigations has led me to believe 
that rather special qualifications and mentality are necessary 
to make a good fishery naturalist. He must be prepared for 
a great deal of rather humdrum work of a laborious kind; 
he must be able to stand the rou^h conditions of work at sea 
and not be deterred from making his observations by conditions 
which are often extremely unpleasant; he should be of a 
practical turn of mind and able to handle men, especially 
fishermen ; he should be able to visualise a problem in a broad 
way, having due regard to its practical bearings and its position 
in the scheme of research. These qualifications are not always 
possessed by men who do brilliantly at academic research— 
though there are exraptions—and common sense and deter¬ 
mination are just as important as an exceptionally high order 
of intelligence. The fishery man has necessarily got to specialise 
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and is apt to get out of touch with academic work, but there 
is a certain fascination in the life, with its opportunities of 
direct contact with the sea and w-ith the men who do business 
in great waters. 
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EXPERIMENTAL GRAPHOLOGY 

By ROBERT SAUDEK, Ph.D. 

For seventy years graphology was known only as an amateurish 
hobby of intellectual society—it was practised by such eminent 
persons as Madame de Stael, Disraeli, Sir Walter Scott, Robert 
Browning, Paul Verlaine, and others—or as a “ fake ” science 
practised by professional readers of character from the hand¬ 
writing. 

The scientific treatment of the subject does not date back 
farther than twenty years. It is true that a German physiolo¬ 
gist (of English extraction), Prof. Preyer, wrote a book on the 
psychology of handwriting as far back as 1897, but his theories 
have since then been conclusively refuted. 

It is only to-day, when we have succeeded experimentally 
in isolating the various factors of individual letter-formations, 
that a scientific treatment of the many connected problems 
relating to the technique, physiology, and psychology of hand¬ 
writing has become possible. 

Before this isolation had been effected the graphologists 
proceeded from the assumption that since anybody obviously 
writes " his own hand,” his writing must in some way or another 
be typical of his psychology, or, as one used to say, of his 
” character.” Hence the theory that any alteration, whether 
in development or degeneration, of a man's " character,” must 
give rise to a corresponding alteration in his handwriting. 

Ridiculous as this theory may seem, there still is a grain 
of truth in it. Were this not so, how could we explain the 
fact that the amateur graphologists do sometimes succeed in 
drawing an almost incredibly accurate sketch of a writer’s 
character ? 

Recent research-work has establbhed the fact that there 
are at least twelve factore which co-operate in the formation 
of the individual handwriting. In extreme cases a single one 
of these twelve factors may be so predominant as to paralyse 
the influence of all the rest, and we know now that it was only 
when the amateur graphologists were confronted with some of 
these rare border-cases that they guessed rightly. 

468 
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These twelve factors are : 

1. The writing-instruments (pen, ink, pencil, paper). All 
the problems arising from these factors have been dennitely 
recognised and solved^ We owe our knowledge of the technical 
structure of handwriting to the microscope. 

In all cases of forensic graphology where experts have to 
identify the authorship of a disputed handwriting this know¬ 
ledge is of the utmost importance, since it has been established 
that bad writing-materials may distort the actual form of 
any handwriting in such a degree as to make its identification 
practically impossible. 

2. The degree of graphic maturity. Complete maturity is 
found only in a handwriting in which the attention is wholly 
concentrated on the content of what is written ; that is, when 
the handwriting is not in any way impeded by doubts as to 
the form which should be given to the letters, or the spelling 
of the words. 

The child, on the occasion of his first writing-lesson, is 
taught only to make strokes ; a separate impulse is required 
for the production of each stroke. Then, at a stage somewhat 
more advanced, he perceives a whole letter as a unit, and 
writes under a letter-impulse, and later still under a word- 
impulse ; but generally speaking he does not until his fifteenth 
year reach a maturity which enables him to write under the 
impulse of complete phrases. 

Every writer can arbitrarily reduce the maturity of his 
handwriting to a lower stage. That is to say, a person whose 
handwriting is naturally excellent can produce an illiterate 
handwriting ; but an illiterate person can never produce a 
perfectly mature handwriting. 

If we have to discover the writer of an anonymous letter, 
and if a number of persons lie under the suspicion of having 
written it, and if this anonymous letter is written by a maturely- 
writing person, we can exclude from our list of suspected persons 
all those whpse ordinary handwriting is immature. 

One sure sign of graphic maturity is what is known as 
" tendency to the right." 

Since we write in lines running from left to right our haste 
is revealed by our endeavouring to arrive as quickly as possible 
at the end of the actual sentence (or line) of our writing. 

" The tendency to the right ” may be described as the 
outward and visible sign of inward and invisible haste ; haste 
to express the writer's thoughts on paper, unhindered by self- 
consciousness, vanity, exhibitionism, or sesthetic considerations. 
The " tendency to the left" betrays hesitation, reluctance, 
reserve; here the execution is almost ahead of the thought. 
Fig. I shows the signs of" tendency to the right" and " tendency 
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to the left ” ; in the first column are normal letters ; in the 
second column are these letters as modified by “ tendency to 
the right ” ; in the third column we see them modified and 
often distorted by “ tendency to the left ”—^and also, in most 
cases, by a puenle exhibitionism which frequently goes with 
“ tendency to the left,” since both phenomena are evidence 
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either of immaturity, or of a complete absence of sentence- 
impulse, of spontaneity, of expressive momentum, so to speak, 
which tempts the writer to mark time by senseless spirals and 
flourishes. 

The prevalence of either of these two tendencies is most 
plainly revealed by the traces which the nib produces on the 
paper either when starting a stroke initial adjustment) or when 
lifted from the paper (concluding adjustment). 

Fig. 2 is a summary table of initial adjustments, arranged 
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in order of the degree of si>eed and the difficulty of the adiust-. 
ment in question. The movement of the nib in the air above 
the writing surface is traced in dotted lines. 

The table begins with the easiest (a) and ends with the 
most difficult initial adjustments (/). 

(a) The movement begins with a pressureless centri¬ 
petal, slanting down-strofc. (In this case a pre-adiust- 
ment was made by a movement of attack in the air above 
the paper.) 

(J) The movement begins with a centripetal, slanting, 
emphasised down-stroke. (In this case there was no 
preliminary movement in the air, but the writing-move¬ 
ment began when the point of the pen touched the paper.) 

(c) A pressureless downstroke running from left to 
right. (In this movement there is usually a preliminary 
movement in the air.) 

{d) A downstroke, written with pressure, running from 
left to right (with no preliminary movement in the air ; 
the writing-movement begins as the point of the pen 
touches the paper.) 

(e) A slanting approach-stroke, written with little ^ 

pressure, produced by a movement of extension. 

(/) A vertical approach-stroke, written with little 

pressure, which passes into a curve at the top. 

{g) A vertical approach-stroke, written with little 

pressure, which describes an angle at the top ; and part of 

it, or all of it, forms a covering-stroke over the down- 
stroke. 

(A) A rounded approach-stroke running upwards from 
right to left (the leftward-tending movement of attack is 
contrary to the tendency to the right of a spontaneous 
act of viriting). The mental resistance against the tendency 
to the right is plainly apparent in the adjustment—that 
is, where the act of writing is most subject to the caprice 
of the writer. 

(*) Adjustment in the form of a dot ([there was either 
a pause for consideration before the beginning of the act 
of writing, or a hesitating attack, and the apparent dot 
represents only the result of marking time on the same 
spot). 

0) Examples of complex variations of adjustment. 

Fig. ^ is a summarv table of concluding adjustments, 
arranged in order of the degree dt speed and the difficulty witn 
which they are produced, so that the last-mentioned kind of 
adjustment (A) is the most difficult. 
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(a) On tbe left is a handwriting with a high degree of 
connection. No final adjustment, because the concluding 
stroke becomes the initial stroke of the following word ; on 
the right we see the same phenomenon, except that here 
the path from the end of one word to the beginning of the 
next passes through the air above the surface of the paper. 
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{b) The movement concludes with a pressureless pro¬ 
longation downwards of ^e final stroke. 

(c) The movement eims with a strongly emphasised 
prolongation downwards of the final stroke. 

{d) The movement ends with a strongly emphasbed 
prolongation of the final stroke towards the right. (Per- 
sbtent affectation.) 

(«) One or many pressureless and freely terminating 
3 * 
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final strokes, bending round towards the left. (Reaction 
felt during the writing of a word—that is, intellectual 
indolence, which protests against rapid thinking.) 

(/) Final strokes turning with a sharp angle to the left. 
(So-called harpoon-strokes ; unwavering perseverance ; 
inflexibility.) 

{g) Cudgel-shaped, thickened final strokes, running to 
the left. (Affected final emphasis; ostentation and 
disputatiousness.) 

(A) The writing-movement is brought to a standstill by a 
resting-point. (Need of frequent pauses; inertia; indolence.) 

(i) Combination of the adjustments described under 
{e) and (A). (Extreme inertia, which makes itself felt after 
each individual word-impulse.) 

(j) Concluding points after preceding prolongation of 
the final stroke in the most difficult of all directions— 
upwards and to the left—^with simultaneous increase of 
pressure (Handwriting of this kind presupposes the 
overcoming of threefold physical impediments, is possible 
only in connection with a letter-impulse, and borders on 
the pathological.) 

(A) A complicated instance of concluding adjustments; 
a twofold deflection by sharp angles, with harpoons or 
concluding points after an angular deflection and an 
extreme leftward-tending movement. (The significance 
of this adjustment is that of the momentarily co-operating 
components, which have been separately dealt with above.) 

i. The acute physiological condition of the writer. We are able 
to determine the physiological condition of the writer only by 
comparing his handwriting at different periods. But if we are 
provided with such material our general diagnosis is infallible. 

Schoolmasters may conclude that the health of their pupils 
is affected if several recent manuscripts show a maturity 
inferior to that of previous manuscripts, provided that factor i 
is not responsible for this deviation. 

Although this general diagnosis is infallible, we are as yet 
unable to make differential diagnoses except in certain extreme 
cases. 

4. Chronic physiological impediments. We may distinguish 
between chrome impediments and those which are only acute. 
The central nervous system adapts itself, after a time, to the 
loss of the extremity (the hand) with which we have been in 
the habit of writing, and also to the loss of any sense which 
normalljr plays its part in the act of writing. 

This is why any acute impediment distorts the handwriting 
far more than a cmonic impediment (and even more than the 
loss of the sense of sight). 
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5. The degree of speed of the act of writing. (Actual intensity 
of stroke-impulse, letter-impulse, word-impulse, phrase-impulse*) 
I have succeeded in discovering certain signs hitherto unrecog¬ 
nised, and in classifying all the signs (several of which have 
been known for decades) which inform us of the degree of 
rapidity with which a manuscript was actually produced. 

The isolation of these signs has been facilitated : 

(а) By methodical mass experiments with normal'' 
and with physiopathological writers ; 

(б) By the use of special apparatus ; 

(c) By the slow-motion cinematograph. 

TABLE I 

Primary Sicks of the Speed of Writing 

Primary Plus Signs (Speed) Primary Minus Signs (Slowness) 

1. Smooth and unbroken strokes i. Wavering forms and broken 

and rounded forms. strokes. 

2. Fmjuent signs of ** tendency 2. Frequent signs of '* tendency 
to the right all through the manu- to the left.'* 

script, alternating with " tendency 
to the left" at the ends of li&es where 
the end of the sentence occurs in one 
of the following lines. 

(For examples of tendency to the right " and “ tendency to the left" 

see Fig. i) 

3. Great uncertainty of aim after 3. Conspicuous certainty of aim 

temporary interruptions of the act of with scarcely perceptible deviations 
wrinng—^that is, after syllable- or from the intended direction of 
word-impulses. motion. 

4. Increased continuity of execu- 4. Frequent pauses during execu¬ 

tion ; for example, the connection of tion, recognisable by meaningless 
diacritical signs with the following blobs, blol^ due to readjustment, 
letter, the joining together of words, angles, divided letters and unrhyth- 
the joining together of numerals in mical separations within the word 
the same group of figures, etc. itself (English script excepted), and 

touching up *' of letters. 

5. Letters curtailed and degene- 5. Careful execution of significant 

rated almost to illegibility towards details of letter-forms and amplifica- 
the end of words. tion of strokes towards the ends of 

words. 

6. " Primarily wide " script (es- 6. '* Primarily narrow " script 
peci^y in the case of vertical hand- (especially in slanting handwriting), 
writing}. 

7. Great difierence of emphasis 7. Hardly any difierence in 
between up-strokes and down-strokes, strength of up-strokes and down- 

• strokes : writing produced with very 
little pressure, or pasty " writing. 

8. Widening of the left-hand 8. Ornamental or fiourishing con- 

matgin as the writing proceeds. nections. 
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TABLE 11 


Secondary Pins Signs {Speedy Secondary Minns Signs {Slownm) 

(Secondary signs increase or diminish the significance of the primary 
signs. They render possible a graduated estimate of the tempo and fm 
^ntaneity of the act of writing.) 


X. (a) Increasing obliquity as 
compared with normal angle of 
school*copy. 

(6) Increasing tendency to re¬ 
versed angle (over 90 per cent.) when 
the school-copy was vertical, and to 
a lateral grip of the pen. 

2. " Secondarily wide hand¬ 
writing (especially if the script is at 
the same time “ primarily narrow '*). 

3. Rising lines with paper and 
pen at normal angles. 


4. Infrequent changes of angle of 
writing. 


X. Down-strokes parallel almost 
as in school-copy. 


2. Secondarily narrow " hand¬ 
writing (especially if the script is at 
the same time ** primarily wide **). 

3. Sinking of the lines (well 
marked from the beginning of the 
line, not only during the course of 
the line). 

4. Frequent changes of angle of 
writing. 


There are eight primary signs of speed and eight primary 
signs of slowness : 

Four secondary signs of speed and four secondary signs 
of slowness ; and 

Five equivocal signs. 

The sixteen primary signs are valid for any handwriting. 

The eight secondary signs are valid only if they have not 
been deliberately produced (for example, we may produce a 
rising line by altering the position of our paper). 

The five equivocal signs must be employed only in order 
to reinforce the significance of the primary signs which occur 
in a given handwriting. 

The reader who is familiar with the general literature of 
graphology but knows nothing as yet of experimental grapholc^ 
may be surprised to find that the usual symmetry in the 
arrangement of the signs of rapid and slow handwriting is not 
observed ; that whereas the eighth plus sign is “ widening of 
the left-hand margin,” the eighth minus sign is not" narrowing 
of the left-hand margin,” but something quite different, namely, 
” ornamental or flourishing connections.” We very often 
encounter a similar lack of 83rmmetry, the explanation being 
that experimental graphology proceeds from approved and 
demonstrated facts and not from dialectical conceptions by 
which all the phenomena of life may be easily and conveniently 
divided, like sheep and goats, into two contrasted groups. 
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It will be seen that width is one of the principal signs of 
speed. As we have already seen, the more powerful the 
forward impetus of our thoughts while we are writing (or, in 
our terminology, the stronger the sentence-impulse) the more 
vigorous is our movement from left to right, to the end of 
the word, the end of the line, the end of the sentence. Thereby 
the so-called width of our script is increased—that is, the 
distance between the individual downstrokes of the small 
letters n, m, «, w, is increased, as they tend to shift to the 
right. We call this “ primary width,” But if we control 
this movement to the right for the sake of greater definiteness 
in the formation of our letters, we write these small letters 
in a narrow script, though in other respects, if the legibility 
of our script is not diminished thereby, we surrender to our 
impulse to the right, and make the connecting-strokes between 
our letters considerably wider ; and this we call ” secondary 
width.” Primary width is a primary sign of speed ; secondary 
width a secondary sign of speed. Primary narrowness is a 
primary sign of slow writing ; secondary narrowness is a 
secondary sign of slow writing. 

This rule, however, is subject to a twofold limitation. We 
must in every case examine whether these signs of primary 
and secondary width or primary and secondary narrowness 
occur in vertical or in slanting handwriting. It is an essential 
characteristic of vertical handwriting that it is normally 
narrow. If it is nevertheless abnormally wide, this width 
is an individual sign of a particularly intense sentence-impulse. 
If it is normally narrow, then, in our terminology, it is not 
a narrow handwriting at all, for narrow handwriting occurs 
only when abnormal narrowness appears in a slanting hand, 
this being contrary to the normal character of the hand. 

To so-called ” script,” and to disconnected, typographical, 
upright handwriting, none of these rules apply, because in 
these the impulse to the right is not decisive ; not only do 
aesthetic considerations and the graphic significance of the 
word constitute deciding factors, but the vertical tendency 
of the script counteracts the tendency to the right. 

Further, we may lay down the following doctrine : 

A comparatively rare alteration of the pen-hold is 
always a sign of rapid writing ; a comparatively frequent 
alteration of the pen-hold is always a sign of slow writing. 

(The change of pen-hold may be noted in the varying 
adjustments of the pen on its application to the paper [initial 
adjustments] and in the application of pressure in shadow- 
strokes. If the student of graphology will place under his 
writing«paper a sheet of carbon tissue, and under that another 
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sheet of paper, he will find that the carbon copy, provided 
he writes with a broad, soft nib, will teach him more about 
“ insertions ” and adjustments than pages of description.^ 

Nevertheless, we have placed both these signs not in the 
table of the primary signs, but in that of the secondary signs ; 
and the reason for this is that the problem is complicated by 
another consideration of a physical and mechanical nature. 

When we begin to write a line we adopt a particular indi¬ 
vidual attitude of the body ; we sit at our wnting-table in a 
particular manner, and adjust the position of our forearm 
on the table. If we now write in great haste, or with unusually 
strong emotion, connected with the content of our writing— 
that is, with a most intense sentence-impulse—then we do 
not, in normal fashion, take time to move the arm farther to 
the right, but the position of the elbow remains fixed ; and 
we write (apart from secondary movements) in a wide curve, 
in the segment of a circle whose radius is equal to the distance 
from the point of the pen on the paper to the point where 
the elbow rests. The movements to either side of the main 
direction—that is, those which form the letters—are principally 
or exclusively conditioned by the movements of the fingers 
and the turning of the hand. 

If we write in this manner in the normal position on a 
sheet of narrow letter-paper (of about 5 inches in width) we 
obtain a rising line ; if we write on paper of double width the 
line rises till about the middle, and then falls. 

For this reason, in rising lines on a narrow writing-surface 
alterations of the hold are always very rarely observed. The 
only alteration that does occur is due, not to a readjustment, 
but to a continual pronation of the hand during the writing 
of the line. 

It may also happen that the hold is very rarely adjusted, 
yet, nevertheless, there are no rising lines. This is the case 
when the impulse from the central nervous system, and the 
ph}rsical reaction of the muscles to the impulse (not having as 
yet degenerated), function with complete simultaneity, so that 
there is no feeling of impediment during the over-hasty writit^ 
of the lines, and so that no need is felt of dispelling any possible 
incipient fatigue by a change of hold. 

It follows, therefore, that infrequent changes of hold, 
together with rising lines, constitute an irrefutable proof of 
rapid writing, and are indeed equivalent to a primary sign of 
speed ; while either of these two signs individually, when it 
does not occur simultaneously with the other, has merely the 
significance of a secondary sign. 

This doctrine, however, is subject to a reservation if rising 
lines only are in question, since these can be product in an 
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artificial manner, by placing the paper at an angle with the 
edge of the desk or table. And here yet another reservation 
must be noted. Persons who habitually write an extremely 
sloping hand may place the paper so far to the right that the 
line begins to fall from the first, or almost from the first. The 
simplest way of correcting this fall is a pronation of the hand 
which has the effect of still further reducing the writing-angle. 
In the case of an intense sentence-impulse this accommodation 
may be neglected. If, therefore, we find falling lines in an 
extremely slanting handwriting without a considerable increase 
of the slope towards the end of the line, we may regard the 
falling line in this case as a sign of speed. 

Mass experiments have proved that in the rapid production 
of slanting handwriting the writing-angle is never increased 
towards the end of words and during the act of writing, but 
that it is frequently diminished—that is, the obliquity is 
increased. 

On the other hand, vertical writing (with a writing-angle 
of 90°) frequently changes, when written quickly, towards the 
end of words, and during the act of writing, into a slanting 
hand with an angle of 80®, while backhand writing (with an 
angle of more than 90®), when written quickly, assumes a more 
obtuse angle. 

Both appearances must therefore be reckoned as secondary 
signs of speed. 

On the other hand, an approximate parallelism of the 
down-strokes can be produced only by exceptionally careful 
“copper-plate” calligraphy. We shall, therefore, reckon this 
sign to be a secondary sign of slowness. 

It is characteristic of the writing-movement from left to 
right, and, as we have once more seen, of the functioning of 
all the organs which take part in the act of writing, that under 
normal conditions, in rapid writing, if the position of the 
paper is more or less normal, the lines cannot sink from the 
very beginning. With the exception already noted, a sinking 
line in rapid writing can only be produced artificially by 
deliberately placing the paper at a quite unaccustomed angle 
and then writing Tines which will really be ” straight,” but 
which will be sinking lines when considered in relation to the 
top of the paper. Such a case may be regarded as non-existent. 

A line sinking from the beginning is almost indubitably 
a sign of slow execution, but there are two causes beyond 
that already noted which may be responsible for this appear¬ 
ance ; namely, physical impediments, as a result of which the 
forearm is pressed closer and closer to the body, whereby on 
the one hand a sinking line may be automatically produced, 
and on the other hand the position of the body will frequently 
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be readjusted; and mental jfoctors —for example, severe 
mental depression—which may occur with a temporary inhibi¬ 
tion of the natural tonus of the muscles. 

Since the true cause of the sinking line can be ascertained 
only by means of concomitant appearances, we are not justified 
in regarding this sign as absolutely decisive—^that is, as primary. 
We shall therefore note it down—except in the case of an 
extremely slanting hand—^as a secondary sign of slowness. 

It is inherent in the essential character of the natural 
play of our muscles—^that is, their reaction to the nervous 
impulse—that our writing is easiest and quickest when there 
is a rhythmical alternation of contraction and relaxation. 
But since every contraction produces a writing-pressure, by 
which the two elastic points of the nib or quill are forced 
to 3deld and separate, thus facilitating a greater flow of ink, 
and producing a broader furrow, so that the track of the pen 
on the paper takes the form of a shadow-stroke, which, by the 
following muscular relaxation and lessened pressure, changes 
into a hair-stroke, we must reckon a rhythmical alternation 
of thick and thin strokes as a primary sign of speed. And 
correspondingly, a handwriting in which this difference of 
emphasis in strokes running in different directions does not 
occur must be regarded as having been produced by constant 
contraction or constant extension, but not by the alternation 
of the two ; it is a slow and restrained writing. But a complete 
extension of the fingers lessens the angle of inclination between 
pen and paper ; whereby not merely the point of the pen, 
but a larger surface is brought into contact with the paper, 
and a greater flow of ink is produced—not merely greater, but 
more regular. A handwriting thus produced with a great 
flow of ink, in which the difference of shading between hair- 
and shadow-strokes disappears, we will call a pasty hand¬ 
writing. It is more slowly produced than a script with a 
regular alternation of emphasis. Its pastiness is increased 
by a so-called “ long hold ” of the pen, that is, a hold in which 
the tips of the fingers are farther than usual from the point 
of the pen, so that the angle inclination is further diminished 
and a correspondingly greater flow of ink produced. 

6. The school’copy from which we learned to write. This 
factor has been isolated by two methods : 

(a) By mass experiments in English schools which 
employ the typographic system of handwriting (script), 
in which children of ten years, although they had been 
wnting a cursive hand for four years, had to employ the 
typographic system. The statistics in question comprise 
more than 50,000 cases. 
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(b) By experiments facilitated by the Governments of 
several great nations, whose consulates collected the manu¬ 
scripts of nationals who received their primary education 
abroad in an alphabet other than their national alphabet. 

7. The nationality of the writer and his present national 
environment. Almost all persons who emigrate to the United 
States when they have already attained complete graphic 
maturity adopt, after a few years, the characteristic peculiari¬ 
ties of the American alphabet ^see also factors 8 and 9). 

8. The degree of visual sensibility. The intensity of factor 7 
depends on the intensity of this factor 8. 

The isolation of this factor was possible only after the 
Great War, which has, alas 1 provided us with many clinical 
cases of soldiers who have lost their sight, and whose former 
“ sighted ” handwriting can be compared with their present 
" blind ” handwriting. 

The loss of the eyesight makes it impossible to receive 
fresh visual impressions. This is why persons who have lost 
their sight never subsequently modify the formation of their 
letters. Their visual memory represents their former hand¬ 
writing more and more distinctly, until it crystallises in their 
imagination into a permanent image. 

9. The faculty of graphic expression. This depends on the 
visual memory, the aesthetic culture, and the manual dexterity 
of the writer. 

10. The intensity of the writer's vanity, affectation, and 
imitativeness on the one hand, and his naturalness, simplicity, 
and sincerity on the other. 

Only completely natural persons write with a completely 
unrestneted sentence-impulse. Every trace of “ giving oneself 
airs," every degree of vanity, beginning with the exhibition 
of aesthetic culture and ending with an almost pathological 
self-importance, is revealed by the deviations from the natural 
handwriting. 

We recogitise the simplicity and " sincerity " of the hand¬ 
writing on the one hand, or the expression of the writer’s self- 
importance on the other, by four general signs : 

(a) The speed of the act of writing. 

The more quickly we write, the less capable are we of 
giving attention to our calligraphy : 

(A) The fact that there are several primary signs of 
speed and of slowness contradicting one another in the 
same manuscript. This proves that the handwriting has 
not been i:>roduced in a natural way, but with deliberate 
concentration on its calligraphic virtues. 

(c) Initial accentuation. 
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The writer's attention to his calligraphy diminbhes in 
proportion to the speed of writing. 

Since a wri^r who has attained graphic maturity perceives 
whole words as units, and since his mental concentration 
diminishes as he is writing each of these units, it follows that 
in general he can only write the beginnings of words carefully, 
and not whole words. 

(d) The same principle applies to all portions of the 
handwriting which impress themselves on the writer’s 
attention. 

The facility with which he gives artificial forms to his 
letters depends absolutely on the singularity of these forma¬ 
tions. Those portions of the handwriting which do not in 
any way attract the writer’s attention are never written in an 
ostentatious manner. 

It has been possible to determine precisely the intensity 
with which each integral component of the handwriting draws 
attention to itself. 

The method of this experiment consists in slowly and 
progressively approaching the handwriting to the observer, 
whose function it is to describe the handwriting. We dis¬ 
tinguish between : 

(o) Its appearance at a distance (before its character¬ 
istics can be distinguished in detail). 

(b) The appearance of the manuscript at a shorter 
distance, but still without reading the text. 

(c) The description of all the peculiarities of the hand- 
writii^ after the manuscript has been read. 

The degree of singularity or conspicuousness of any trait 
is determined by the stage of thp experiment at which this 
peculiarity has been perceived and described by the observer. 

The peculiarities which have not been perceived and 
described are classed as peculiarities which appear negli^ble 
and which for this very reason are always neglected, that is 
to say, are regarded as having been written in a natural and 
habitual manner. 

In the case of forged manuscripts, the assumption of an 
alien style may be perfectly successful in the conspicuous 
features, but less so in the inconspicuous features, or these 
will inevitably reveal some or all of the characteristics of the 
writer’s natural hand, by which his identity can be established 
by the expert graphologist. 

II. JrUelUctttM cuUure, knowledge of foreign languages, 
foreign countries, and foreign systems of handwriting. The 
writer’s sensibility for and his visual memory of alien mshions 
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cannot be responsible for the imitation of exotic handwriting 
unless the writer has had the opportunity of assimilating their 
appearance during a sojourn abroad. 

12. The actual position of a letter in the manuscript. The 
actual formation of a letter varies accordingly as this letter 
stands at the beginning or in the middle or at the end of a 
word, or quite alone. Its form, then, depends on the direction 
of two movements : the movement preceding and the move¬ 
ment following its formation. 

This classification of twelve factors has been made without 
special consideration of psychopathological factors. 

Fifteen laws of handwriting have been definitely established 
with the aid of the slow-motion cinematograph and other means. 

We must distinguish between : 

(a) Three laws which were known previously, but 
which have been confirmed by the cinematograph (1-3). 

(b) Two laws whose existence was suspected, but 
which were discovered and confirmed only by the cinemato¬ 
graph. 

(c) Six laws which were quite unknown, but which 
were revealed and definitely established by the cinemato¬ 
graph (6-11). 

(rf) Four laws which were revealed and established by 
other means (12-15). 

The Fifteen Laws of the Writing-movement 

1. No one can make angular strokes without checking the 
pen for an instant (generally for not less than second—Free¬ 
man, Chicago, 1923) on passing from one direction to another 
(Preyer, Wiesbaden, 1895). 

2. When the speed increases the obliquity of the shadow- 
strokes increases also up to 10® (Meyer, Berlin, 1900 ; confirmed 
by McAllbter, Yale, 1913). 

3. We all write with a speed which changes during every 
microscopic portion of the stroke. The speed accelerates 
towards the middle of a stroke and is retarded towards the end 
(Binet and Courtier, Paris, 1893). 

4. A technical obstacle (for example, a paper-fibre in the 
pen) retards the speed only by reason of visual irritation. 
The speed of the writing of blind persons is not retarded by 
such obstacles (Saudek). 

5. The movement is retarded when we increase the pressure 
of the fingers on the penholder. This retardation, however, 
k not due to the increased friction of the pen on the paper (as 
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was mistakenly believed) but to a fresh impulse and a fr«ih 
adjustment of the fingers (Saudek). 

6. We write long strokes always more rapidly than short 
ones. (Our movements are subject not to the laws of physics 
but to the laws of physiology.) Moreover, this acceleration 
is distributed over the writing-track of the whole letter ; for 
example, we write the letters a, d, q in precisely the same 
time, although the letters d and q contain a longer writing- 
track than the letter a ; and the acceleration has already 
commenced in the oval (Freeman, Chicago, 1923). 

7. Each change of direction of a movement causes a retarda¬ 
tion of this movement (Freeman, Chicago, 1923). 

8. This retardation due to the change of direction is not 
absolutely habitual to the writer, but depends partly on the 
form of the preceding or the following letter (see the twelve 
factors which co-operate in the formation of the handwriting) 
or on the fact that the letter in question stands alone (Saudek). 

9. Directly our pen begins to move the impulse of a fresh 
movement is manifested. This fact causes a loss of time 
^jecessary for the fresh adjustment (Saudek). Nobody is able 
immediately to start a fresh writing-movement without a 
certain loss of time necessary for the new adjustment of his 
pen on the paper. This is why in a rapid handwriting one 
avoids interruptions of the writing-movement as far as possible. 

In a rapid handwriting the pen will move directly from 
the end of one word or group of letters to the beginning of 
the next word or group of letters : not in a straight line, but 
in such a way as to attach the first letter of the new word or 
group without loss of time. The adjustment of the pen to 
the ^t movement of this letter may take place wholly or 
partly in the air ; but as a general thing it leaves indications 
of its movement in the form of traces which we call end,-adjust- 
ments and initial adjustments (see Figs. 2 and 3). If the 
writer is not writing under a full sentence-impulse he may 
rest or hesitate between his words, and this hesitation or 
deliberation may betray itself in a modification of the adjust¬ 
ments. But the adjustment is particularly useful to the 
graphologist in betraying preoccupation with aesthetic considera¬ 
tions, servile adherence to a school-copy, traces of an earlier 
style of writing, not consistent with the present style, and 
above all affectation, vanity, self-importance, and the desire 
to make an impression. And if an apparently mature character 
contains elements of puerili^, this puerility is certain to reveal 
itself in the adjustments. Some adjustments are pathological 
S3anptoms; they betray the writer’s difficulty in applying 
his pen lightly and steadily to the desired spot; others betmy 
boredom, abstraction, or mental exhaustion ; the writer begin! 
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to write before he is really certain of what he intends to write ; 
such adjustments are of the same nature as resting>points, 
Whatever the symptomatic value of the adjustment, it must 
of course be considered in relation to all the other features of 
the handwriting under examination. 

In Figs. 2 and 3 we see a variety of initial and end-adjust¬ 
ments respectively arranged in the order of the difficulty of pro¬ 
duction. Some of these have a special symptomatic significance; 
for example, the left-ward-tending tail to the y and e in line g 
of Fig. 3 is typical of shy and reclusive persons who shrink from 
life and are not very certain of what they are about to say ; 
and the long flourish and hooked ending of the last letter of 
this table are indicative of vanity and a desire to make an 
impression. The principal value of such an arrangement of 
adjustments in order of difficulty is that it gives us a valuable 
means of measuring the degree of speed of the writing-move¬ 
ment in different passages—that is, the prevalence of a stroke- 
impulse, letter-impulse, word-impulse or sentence-impulse, as 
the case may be. 

In considering the significance of an adjustment we must 
pay attention to its position in the sentence and on the page. 
The end-adjustment of the g in the word wondering at the 
top of Fig. 3 is justified by the fact that the pen had to be 
brought quickly downwards to the left for the beginning of 
the next line. In the middle of a line it would obviously 
have a different value. And the flourishing end-adjustment 
of the A at the end of line k would be innocuous enough if 
the writer were signing a letter with his initial; it would then 
express satisfaction at the completion of a task, or the desire 
to give an aesthetic finish to the close of the document—to 
write, so to speak, a sort of ornamental full stop. 

lo. More time is required for writing a dot than for writing 
ft short stroke—for example, a comma (Saudek). In order to 
make an actual dot we must arrest the movement of the pen, 
otherwise we*write an accent. This is why in a rapid hand¬ 
writing we always find “ dots " which are written as accents 
(Cr^ieux-Jamin). 

The uncertainty of aim which is one symptom of speed is 
revealed principally in the i-dots and t-bars. In rapid writing 
these are placed too high or too low, and usually to the right 
of their respective letters if placed during the writing of the 
word, revealing the “ tendency to the right ” characteristic of 
the sentence-impulse. The movement of the pen in placing 
the i-dots is revealed by the shape of the dots, which are not 
really points, but, as we have seen, accents. It must be 
remembered that some writers place their i-dots after writing 
the whole lines, and even in reverse order— i.e. from right to left. 
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11. “ Covering-strokes ” can be written only with a retarded 
movement. The distance between two shadow-strokes ^for 
example, in the letter n) is reduced to zero, which means that 
the dextrogyric movement (" tendency to the right ”) has been 
completely arrested (Saudek). 

12. A slanting handwriting ( 7 S“-SS‘’) is produced more 
easily and rapidly than a reversive handwriting (91®-! 25®) 
(Judd and McAllister, Yale). 

13. The lower projections (as in g) are written more easily 
than the upper projections (as in b) (Judd and McAllister, 
Yale). 

14. A rhythmical distinction of the shading in the hair- 
strokes and shadow-strokes of the whole manuscript is possible 
only if all the muscles of the hand are functioning with their 
proper vigour and stability (Saudek). 

15. Every completely mature writer exerts a pressure 
which is personally typical and which can be registered by a 
pen specially devised for the purpose. Although the curve 
inscribed with such a pen is absolutely individual, it changes 
within certain limits in proportion to the speed of the hand¬ 
writing at the moment (Drever, Edinburgh ; but not Kraepelin). 
Kmepelin has measured only the static pressure (in writing a 
point), but Drever the dynamic pressure (in writing a whole 
sentence). 

The characterological analysis of a handwriting must 
proceed in accordance with a method of analysis and synthesis 
which is too elaborate to describe within the scope of this 
paper.' The forensic analysis of a handwriting proceeds on 
din^erent lines, the aim of the graphologist being (a) to discover 
whether the document in question is the work of its reputed 
writer, and (b) if it is not, to prove the identity of the hand¬ 
writing in its inconspicuous characters with that of the suspected 
person, or to discover which one of a number of suspected 
persons has produced the forge^. In all cases the expert relies 
on the fact that the inconspicuous features of handwriting 
cannot be consistently disguised in a manuscript of any length, 
and very often they are not consistently disguised even during 
the writii^ of a single word. 

* This method is described at length in my " Psychology of Handwriting *' 
(1925), and in " Experiments with Handwriting " (1928)—both published^ 
G. Allen & Unwin, London, and Doubleday, Page, New York. 
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WSBBS ZV *MS BOOVOMT OT AOBZOVLTUmS (H. 0. Lone. 
B.S0.). 

The harm done by weeds to farm and garden crops has been 
recognised from ancient times, and has been touched on very 
extensively in our literature, agricultural and otherwise, for 
several hundred years. For example, in his Five Hundreth 
Points of Good Husbandry, first published in 1557, Thomas 
Tusser says: 

“ Slack never thy weeding, for dearth nor for cheap. 

The com shall reward it, ere ever ye reap." 

Again he observes: 

** In May get a weedhook, a crotch and a glove. 

And weed out such weeds, as the com doth not love : 

For weeding of winter com, now it is best; 

But June is the better for weeding the rest/* 

Shakespeare (Rickard II) says : 

I will go root away 

The noisome weeds, that without profit suck 
The soil's fertility i^ozn wholesome flowers." 

In 1731 Jethro Tull, in The Horse Hoeing Husbandry^ writes: 

" It is needless to go about to compute the value of the damage weeds 
do, since all experience husbandmen know it to be very great, and would 
unanimously a^se to extirpate their whole race as entirely as in England 
they have done the wolves, though much more innocent and less rapacious 
than weeds." 

In 1756 Thomas Hale, in A Compleai Body of Husbandry, 
observes that— 

" Everything that grows without being sown or planted, among a Crop 
that has been sown or planted, is in that Place a Weed. The whole Benefit 
of the Tillt^e was intended for the Crop, and this robs it of a Part." 

These quotations make it abundantly clear that there was 
no lack of recognition on the part of certain individuals that 
much loss of agricultural crops was due to weed infestation. 
Nevertheless, it is observed in the introduction to Benjamin 
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Holdich’s Essay on ths Wssds of A^culHtrs, published early 
last century, that “ It has happenea (it seems very strangely) 
that an Essay on Weeds and their destruction has never been 
published." This claim is apparently due to the fact that 
Pitt’s essay, published in the fifth volume of the Communications 
to the Board of Agriculture (1806), was regarded as containing 
" A pretty long catalogue, but with many important omissions 
and without any practical arrangement.” Pitt’s list appears 
to enumerate fifty-five species of weeds, but it would be no 
great difficulty to name some three hundred. It is, however, 
the fact that the vast majority of the said three hundred must 
be regarded as of small importance except in a few local 
instances, and perhaps most farmers having experience in only 
one district might find it difficult to name a score which cause 
them any serious trouble. 

Since Holdich’s essay was published a considerable number 
of articles and papers on weeds have appeared in the agricul¬ 
tural annuals, and at the present time there are available 
two or three privately published books as well as official publi¬ 
cations of the Ministry of Agriculture and Fisheries. There 
are, further, publications dealing with poisonous plants from 
the standpoint of the farmer and his live stock. 

We may now usefully consider just in wfiat way weeds are 
injurious and the extent of the damage they do. It may be 
said that in the first place weeds occupy the soil at the expense 
of the cultivated crop, and to that extent do not afford the 
crop adequate space for its development. In this connection 
the effect is that the cultivated crop is deprived of air, and the 
sun’s light and heat. This, of course, has the efiFect of reducing 
the ability of the plant to develop the chlorophyll required 
in the process of photosynthesis. It also has the effect of 
dela3dng ripening of crops, particularly cereals, which take 
longer to dry, when cut and stocked with many weeds. In 
addition, it needs to be borne in mind that the weeds transpire 
soil moisture in exactly the same way as the crop, and, there-. 
fore, tend to exhaust the soil more rapidly of moisture. It 
has been found, for example, that cultivated crops may transpire 
during the course of their growth to maturity from 300 to 
perhaps 1,000 tons of water per acre. Still further, soluble 
plant food which might otherwise be utilised by the crop is 
stolen by the weeds, and is at any rate lost for the time being. 

Taking everything into consideration, therefore, the cropv 
may suffer very badly, and the weeds have only to be present 
in sufficient quantity to cause very severe loss. For example, 
many years ago at Rothamsted a plot of wheat was left unculti¬ 
vated and untreated and was allowed to seed and reproduce 
itself from year to year. In the second year it produced only 
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about half a crop, and the yield was reduced so rapidly that 
only two or three stunted plants appeared in the fourth season, 
while in the following year the wheat had entirely disappeared. 
A number of investigations during the past twenty years have 
shown that the percentage loss of crop or financial loss due to 
the presence of weeds may be 50 per cent, of the whole. This 
has been ascertained by comparisons between plots of the 
same crop treated to keep down weeds and others left untreated. 
As a case in point it may be said that at the University College 
Farm, Reading, a trial made twenty years ago showed that a 
crop of mangolds left unweeded after the plants were singled 
yielded only ibf tons per acre on a two-year average, whereas 
on an adjoining plot a single hoeing resulted in a yield of 
31 tons, and with two hoeings the yield rose to 37J tons. 

It was estimated before the war that the loss due to weeds 
in Britain was probably not less than 16 millions sterling 
per annum, partly owing to direct loss of crop and partly to 
the extra cultivations and consequent expenditure in com¬ 
bating the weeds. This loss is almost certainly now much 
greater. It may be suggested that a cost of at least 7s. 6 d. 
per acre on grassland and 20s. per acre on arable land is not 
excessive. 

Investigation in the direction of weed eradication has taken 
several forms. In the first place advance in agricultural 
machinery and implements with a special view to weed eradica¬ 
tion have led to considerable improvements. The influence of 
fertilisers and lime in reducing weeds has also received close 
attention, while the possibility of destroying weeds by applica¬ 
tions of liquid sprays or dry powders has been widely investi¬ 
gated. Tillage and tillage implements can hardly be touched 
upon here. 

As regards lime, it is well known to botanists that many 
plants occur most extensively on the chalk, whereas others are 
seldom so found. So considerable, in fact, is the influence of 
lime on certaiis weeds that some of them, such as spurrey, corn 
marigold, bracken and sheep's sorrel, are likely to be greatly 
reduced within a comparatively short period—say from one 
to five years—consequent upon a heavy application of lime. 
Where such weeds occur, therefore, liming is one of the first 
steps to be adopted in order to reduce them. 

The influence of fertilisers on grassland in particular has 
received attention for thirty years past. Where complete 
fertilisers—nitrogen, phosphates and potash—are used, con¬ 
siderable improvement in the herbage is practically certain, 
provided the management and system of grazing are sound. 
Phosphates have a veiy considerable effect in encouraging the 
gis^h of clover, whi^ not only increases the value of the 
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herbage for stock but tends to reduce inferior or weed plants, 
but by the introduction of nitrogen from the air through the 
root nodules tends to the accumulation of nitrogen and conse¬ 
quent increased fertility. The use of nitrogenous fertilisers 
on grassland is unsatisfactory without minerals, as it tends 
to encourage inferior herbage, such as Agrostis and ribwort 
plantain. Potash has been found to reduce the growth of 
Agrostis, as also has superphosphate. Although, as stated 
above, lime consistently reduces the amount of bracken and 
sheep’s sorrel, as it also does Agrostis and Yorkshire fog, it 
nevertheless increases the percentage of ribwort plantain. 

As regards the influence of spraying on weeds, a 2 to 4 per 
cent, solution of copper sulphate or a 15 per cent, solution of 
iron sulphate has long been used to destroy charlock in com 
crops, the charlock being destroyed while the cereal is practically 
undamaged. Such spraying also has a considerable effect in 
reducing certain other weeds, some of which, like persicaria 
and spurrey, it may destroy, whilst others, like thistles, it will 
severely damage and perhaps inhibit their production of seed. 
In recent years it has been discovered that an application of 
very finely powdered kainit, applied in the dry state when the 
dew is on the leaf, is very effective in destroying charlock in 
corn crops. Both sulphate of ammonia and calcium cyanamide 
are also to some extent effective against the same weed. Apart 
from their direct action, all these fertilisers also have a valuable 
effect in reducing weeds by serving as a stimulant to the corn 
crop and enabling it by its more vigorous growth to suppress 
at least the more lowly weed species. 

When one considers the weeds which grow on paths and 
drives, there is somewhat more scope in using plant poisons, 
and various applications—of salt, copper sulphate, iron sulphate, 
arsenical preparations, hydrochloric acid, sulphuric acid, wash¬ 
ing soda, and carbolic acid—have all been found more or less 
effective. A recent investigation at Aberdeen has shown that 
an application of a 4 per cent, solution of copper sulphate may 
be expected to keep paths and drives free from weeds for a 
year or two. 
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OftWjrtio Aethm In tlM Httenry Brenk (A. P.) 

The " make and break ” in an induction coil is often brought 
about by a very fine stream of mercury impinging on vanes of 
such a good electrical conductor as copper, rotating at high 
speed, in an inert atmosphere. Usually, coal gas is used. 
Owing to the speed of the vanes the mercury is broken up into 
extremely small particles, but collects on the bottom of the 
apparatus as a finely divided, heavy, black powder. This 
powder has a very penetrating and somewhat objectionable 
odour and is also greasy to the touch. Careful distillation up 
to 18o C. yields a heavy, yellow oil with an extremely pungent 
smell not unlike that of acetylene. Extraction of the powder 
with carbon tetra-chloride, with subsequent evaporation of the 
solvent, yields a very similar product and this is perhaps the best 
way for obtaining the oil. 

Careful distillation of the oil shows that it is not a simple 
compound, but probably a mixture of two or more liquids. 
A solution of the substance in carbon tetra-chloride decolorises 
bromine, thus suggesting unsaturated compounds and the odour 
suggests the presence of higher acetylenes. Sufficient material 
has so far not been available to actually identify these, and 
there are no references to the action in books on organic 
chemistry. 

After removal of the oil there is left a black mass of mercury 
and carbon. The mercury may be distilled off, but all trace 
of the oil must be removed by solvents if the mercury is desired 
in an odourless condition. 

The mecHhnism of the action in the commutator may be 
somewhat as follows. The coal gas is decomposed by the 
electric sparks into finely divided carbon and the mercury 
particles, also extremely small, are adsorbed at the carbon 
surface. Owing to the large surface area of the carbon-mercury 
phase, catal^ic action is very probable, which results in the 
formation of the liquid referred to above. 

Information about the above phenomenon should prove 
interesting. 

Onohodonk tktoitifle and Oontemponuy Oalture (Oeiald Draoe) 

This being the tenth year of Czechoslovakia’s independence, 
the educational authorities have held at Brno, in Moravia, an 
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Exhibition of Contemporary Culture to emphasise the sdentifie 
and general progress made during these ten y^rs. The 
promoters of the Exhibition were strongly of the opinion that 
general culture, technical and industrial developments, and 
the organisation of State Departments {e.g. postal, rail, and 
air communications, health services, etc.) were very dependent 
upon the application of scientific knowledge. 

Science exhibits therefore predominated and were arranged 
by the various university faculties, technical institutes, and 
even secondary and primary schools (e.g. those from Ruthenia 
in the far east of Czechoslovakia, where peasant arts and crafts 
are taught). The intention was to show the relation of man 
to inanimate and animate nature and how science in all its 
branches meets the needs of body and mind. The inter¬ 
dependence of the sciences and the manner in which specific 
knowledge is applied in daily life, in industry, transport, and 
in assisting general cultural development are emphasised by the 
continuous way in which exhibits merged and passed from one 
branch to another. 

Man and his generation were illustrated with prehbtoric 
and anthropological collections. The steps taken in maintaining 
health were shown in exhibits of the medical faculties and 
hospital schools, showing what was being done to eliminate or 
minimise suffering and to promote better health generally. 
The “ animate nature ” research section was dedicated to 
Mendel and Purkynfi, whose respective discoveries still inspire 
their fellow-countrymen working in this field. 

That much has been accomplished in consolidating the 
state services and that the present liberal educational polii^ 
is sound and bearing fruit is unquestionable. The authorities 
recognise, however, that much remains to be done and schemes 
projected or in hand but not yet completed are aptly portraved 
in a symbolical manner on easels recalling an artist's unfinished 
picture. 

WinleM Oteemtfans daring die Bdipse of tho Son, Jane 2901, 1297 
(S. K. Zieorer) 

The work described in this report (Radio-Research : Special 
Report No. 7, H.M. Stationery Office ; price is. 3d. net.) 
was supervised by the Radio Research Board of the Depart¬ 
ment of Scientific and Industrial Research. The report is 
divided into three sections : 

I. Long-wave observations (13,000-14,000 metres), 

3. Observations on medium waves (300-500 metres), 

3. Direction-finding observations, 
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and a note is added on some observations made at Liverpool 
University not under the direct supervision of the Board. 

The experiments were not extended to short-waves, since 
comparatively precise quantitative results were considered 
essential. 

The intersection of the moon’s shadow with the surface 
concentric with the earth, and at a height of 6o miles, calculated 
by Dr. J. L. Comrie, was taken into account in arranging the 
positions of the various transmitting and receiving stations. 

1. Long-wave Observations 

These transmissions were planned for observations on signals 
la) crossing the band of totality at a large angle; 

\b) remaining outside the band of totality altogether ; and 
(c) travelling, as nearly as possible, along the path of totality. 
Curves of signal-strength variations are reproduced, showing 
that the effects of the eclipse were very marked. Observations 
made on June 28, 29, and 30 indicated that the effect of sunrise 
had passed off altogether before the eclipse began. 

The factors which appear to be involved are : 

(i) Attenuation. 

(ii) Phase relation between the downcoming and ground- 
waves. 

(iii) Abnormal polarisation of the downcoming waves. 

A special frame-aerial system used at the Radial Research 
Station at Slough was capable of giving these factors separately 
with considerable accuracy. 

The results obtained at Slough showed an increase in 
reflation coefficient of the ionised layer from 0*13 to 0-22, 
which is consistent with the results obtained during a normal 
sunset. 

The effects observed at the two other receiving stations, 
Aberdeen ahd Exeter, are described, but their interpretation 
is difficult and no definite explanation can be given. 

The results of long-wave observations indicate that the 
effect of the eclipse was that of a minor sunset in which only 
the preliminary phenomena of a normal sunset occurred, 
totality not lasting long enough for the complete effects to 
occur. Further, the effects were not confined to the totality 
band. 

3. Observations on Medium Waves 

These observations were made on special transmissions 
firom the stations of the British Broadcasting Corporation. 
The transmbsions were of two types: 
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Transmissions from Newcastle and Birmi^ham: un¬ 
modulated carrier wave, the wave-length of which could be 
changed continuously through a small range. From photo¬ 
graphic records of the received signal, the relative amplitudes 
of the downcoming and ground-waves, and the equivalent 
height of the ionised layer could be deduced. 

(i) Transmissions from London and Manchester: un¬ 
modulated carrier wave of constant wave-length. 

Graphs are given showing the ratio of the intensities of the 
downcoming and ground-waves, and also the number of fringes 
per metre change of wave-length of the signals from Birmingham 
received at Peterborough. The observations at Liverpool on 
the Newcastle transnussions were rendered impossible by 
interference. 

The observations at Nottingham and Giggleswick on the 
London transmissions showed a very large increase in signal- 
strength about the period of totality, together with lai^e 
fluctuations. There is a marked difference between the graphs 
obtained at these two receiving stations, which is explained 
by the absence of a ground-wave from London at Giggleswick. 
Graphs of the signal intensity of the Manchester transmissions 
received at Slough on June 27, 28, 29, and 30 are shown. An 
increase in signal-strength with marked fluctuations lasting 
for about ten minutes on either side of totality was observed. 

The summarised results show a verjr definite effect on the 
properties of the ionised layer responsible for the deflection 
back to the ground of waves of 300-400 metres. The most 
striking effect, a large increase in the intensity, is ascribed to an 
increase in the height of the layer, and to a rapid removal of 
ionisation in the lower atmosphere. The eclipse effect lasted 
for a period from 20 to 50 minutes at the different stations, 
while the passage of the moon’s shadow lasted nearly two hours. 
This means that quite an appreciable fraction of the sun’s 
radiation may be cut off before the effect can be detected 
by wireless methods. The records of all stations show that 
on the morning after the eclipse the night conditions seemed to 
persist for an exceptionally long time after sunrise. 

3. Direction-finding Observations 

Each receiving station made observations on only one 
transmitting station throughout the week of the eclipse. Thb 
work was divided into two sections : 

(a) Long-wave Observations (A - 18,750 metres).—^The re¬ 
sults obtained at Teddii^on on signals from Rugby indicated 
that any effect due to the eclipse was completely masked, and 
therefore no curves are reproduced. 
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(b) Medium-mam Observations (A - 361 and 385 metres).— 
Curves are shown giving a complete record of the experiments. 
The curves show the error in the apparent bearing plotted with 
respect to time. 

It is concluded that the eclipse produced a very definite 
effect. At all stations a very large increase in the variations 
was observed, coinciding roughly with the time of totality. 
The variations may be ascribed to the observed changes in the 
effective height and the reflection coefficient of the ionised 
layer. This is further proof that the normal night conditions 
of the Heaviside layer were temporarily restored. 

Observations on Intensity of Signals from Stavanger {Norway) 
received at Liverpool University 

Both Liverpool and Stavanger were very close to the central 
line of the total eclipse. 

Graphs are shown giving the variations in the signal current 
on June 29 and 30, and July 1. Photographic recording was 
used during the eclipse. A definite peak was observed during 
totality at Liverpool, and another of greater magnitude when 
totality existed approximately mid-way between Liverpool 
and Stavanger. These results, similar to the sunrise and sunset 
effects, show that the effect of sunlight on atmospheric ionisa¬ 
tion must occur quite rapidly. The variations observed may 
be regarded as being due to a movement of the Heaviside layer. 
The existence of a series of peaks in the signal intensity curve 
is probably due to the varying combination of the direct wave 
and the wave reflected from the layer. 

Centenary of the Foandation ol King’s College, London 

The need for the creation of a University in London was 
first publicly mooted by the poet Thomas Campbell in a letter 
to The Times in 1825, and, as a result of the efforts of Campbell 
and his friepds. University College in Gower Street was opened 
in October 1828. Unlike the older Universities, it was open to 
members of all religious denominations, and, in consequence, the 
Governors found it impossible to give any kind of theological 
instruction to the students. To many people in London such 
broad-mindedness (or atheism) was most distasteful; religious 
instruction was deemed to be far too important for total ex¬ 
clusion from the university curriculum. The decision to 
found a denominational college was first made at a meeting held 
at the Freemason’s Tavern on June 21, 1828, under the chair¬ 
manship of the Duke of Wellington, there being also present, 
among others, the Lord Mayor, the Speaker of the House of 
Commons, the two Archbishops and seven Bishops. With 
such weighty consciences stirred into activity funds were 
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soon obtained, and, the King having signified his gracious 
patronage of the institution, a ro3ral charter was sought and 
granted on August 14, 1829. The College was formally opened 
on October 8, 1831. 

Before the war the full-time day students in attendance at 
the College numbered about 700. To-day there are more than 
1,200 undergraduate students in the six Faculties of Arts, 
Science, Engineering, Medicine, Laws, and Theology ; over 300 
postgraduate students are reading for higher degrees or are 
engaged in research work ; and some 500 students who would 
otherwise be unable to obtain a university education are reading 
for degrees and diplomas in the Evening Department specially 
provided for those unable to attend during the day. Another 
new and important development since 1913 has been the annual 
scheme of free public lectures, by means of which the latest 
discoveries in science and learning have been made accessible 
to large popular audiences. 

This increase in numbers and the modem requirements of 
teaching and research are making new demands which must 
be met. Among the most pressing needs are the construction 
of a new Anatomy Building in proximity to the physiological 
laboratories and the reconstruction and extension of the 
chemical laboratories in the block of buildings overlooking 
the Temple Station. 

Further, the work of the College is seriously hampered 
by lack of endowments. Indeed, the proportion of income 
derived from permanent endowments is smaller than that of 
any other university institution in the British Isles. Of a 
total annual expenditure of over £103,000 not more than £4,800 
is at present derived from endowments from Chairs, Scholar¬ 
ships, and Research. 

A total sum of £350,000 is asked for. Of this £125,000 
is required for the new buildings for science and medicine; 
£i 5,000 for a new wing of the Hostel in Vincent Square; 
£125,000 for the endowment of Chairs of English Language and 
Literature, Physics, Physical Chemistry, Electrical Engineering, 
and Physiology ; £25,000 for Chairs in the Theological Depart¬ 
ment ; and £te,ooo for Scholarships and Bursaries. 

Donations, lai^e or small, can to sent to the College Bankers, 
Messrs. Coutts & Co., at 440, Strand, W.C.2, for the cre^t of 
King’s College Centenary Appeal Account. Copies of a detailed 
statement of the more urgent needs of the College may be 
obtained upon application to the Secretary, King’s College. 

SotM and Hewf 

The Council of the Royal Society has, with the approval | 
of H.M. the King, awarded Royal Me^ls to ProL A. S. Eddiogr^ 
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ton for his contributions to astrophysics and to Prof. A. Broom 
for his work on the origin of mammals. The Council has also 
made the following awards : the Copley Medal to Sir Charles 
Parsons for his engineering work ; the Rumford Medal to 
Prof. F. Paschen for his contributions to our knowledge of 
spectra ; the Davy Medal to Prof. F. G. Donnan for his work 
in physical chemistry, especially for his theory of membrane 
equilibrium ; the Darwin Medal to Dr. L. Cockayne for his 
contributions to ecological botany; the Sylvester Medal to 
Prof. W. H. Young for his work on the theory of functions of a 
real variable ; the Hughes Medal to M. le Due de Broglie, for 
his work on X-ray spectra. 

Sir Ernest Rutherford has been re-elected President of 
the Royal Society for the current session. The Secretaries are 
Sir James Jeans and Dr. H. H. Dale, with Sir Henry Lyons as 
Foreign Secretary. 

We regret to have noted the announcements of the deaths 
of the following well-known men of science during the past 

S uarter: Sir Hugh Anderson, F.R.S., physiologist; Prof. 

L A. Berry, agricultural chemist ; Prof. G. H. Bryan, F.R.S., 
mathematician ; Sir Horace Darwin, F.R.S,, founder and 
chairman of the Cambridge Scientific Instrument Co.; Lord 
Haldane; Sir Alexander Kennedy, F.R.S., engineer; Dr. 
Robert Knox, radiologist; Dr. D. Murray, archeologist ; 
Prof. D. N. Paton, F.R.S., ph3rsiologist ; Dr. B. W. Snow 
of Wisconsin, physicist; Sir Charles Tomes, dental surgeon ; 
Prof. Wilhelm Wien, physicist. 

Sir Ernest Rutherford has been elected Honorary Foreign 
Member of the Vienna Academy of Sciences. 

Sir Alfred Ewing has been re-elected President of the Royal 
Society of Scotland. 

Prof. E. A. Milne has been appointed to the new Rouse 
Ball Chair of Mathematics at Oxford. 

Mr. F. J. M. Stratton, of Caius College, has been chosen 
to succeed Ptof. H. F. Newall as Professor of Astrophysics 
in the University of Cambridge. 

Dr. G. T. Prior, Mr. G. W. Yule, and Prof. E. T. Whittaker 
have been elected Presidents of the Mineralogical Society, the 
Cambridge Philosophical Society, and the London Mathematical 
l^ciety respectively. 

Sir David Milne-Watson and Mr. Robert Wh3d:e Reid have 
been appointed to be members of the Advisory Council to the 
Committee of the Privy Council for Scientific and Industrial 
Research in place of members who have retired on completion 
of their terms of office. Sir J. H. Jeans has been reappointed 
member of the Advisory Council for a further period of one 
year. 
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The centenaries of the deaths of Thomas Young and Sir 
Humphry Davy both occur in May this year. 

It has been arrai^ed to hold the first meeting of the British 
Association in South Africa on July 22 in Capetown, when the 
President, Sir Thomas Holland, will take over the duties of hb 
office. The members of the Association will call at Kimberley 
on July 29 and the Presidential Address will be delivered at 
Johannesburg on July 31. Further sectional meetings will 
be held at Pretoria and after August 7 the members will disperse 
for tours through the Union. L’Association frangaise pour 
I'Avancement des Sciences has invited those members of the 
British Association who are unable to travel to South Africa 
to attend its meeting at Le Havre. Owing to the continued 
illness of Dr. E. H. Griffiths, the general treasurer of the Associa¬ 
tion, the Council has decided, with great regret, to accept his 
resignation and has appointed Sir Josiah Stamp to be his 
successor. 

The Nineteenth Annual Exhibition arranged by the Physical 
and Optical Societies will be held at the Imperial College of 
Science and Technology on January 8, 9, and 10. 

The total disbursements of the Rockefeller Foundation 
during the year 1927 just exceeded eleven million dollars, 
of which two million dollars were given to the University of 
London on account of the purchase of the Bloomsbury site. 

The Regent House of the University of Cambridge has 
definitely accepted the offer of the International Education 
Board to contribute £700,000 towards the cost of the new 
University Library and to the faculties of Biology and Physics. 
The pa3mients made by the Board will be in proportion to the 
amounts raised by other means, the full University quota being 
£229,000. 

The Council of the Institute of Marine Engineers (85/88, 
The Minories, London, E.i) offers the Herbert Akrcyd Stuart 
Award, value about £56, for the best paper on The Origin and 
Development of Heavy Oil Engines delivered to them by April 
30, 1929. The competition is open to all, and the marks will be 
awarded as to 30 per cent, for historical interest, 50 per cent, 
for technical interest, and 20 per cent, for literary merit. 

The International Education Board of New York is providii^ 
the funds for a 200-inch reflecting telescwe to be erected in 
California, possibly at Mount Wilson. Dr. J. A. Anderson, 
of the Mount Wikon Observatory, will be in charge of the 
work of manufacture and erection, and Dr. Elihu Thomson, of 
the General Electric Co., will undertake the production of the 
mirror. Fused quartz is to be tried first, and, in the event of 
failure with that substance, pyrex glass next. The telescope 
will be undo: the control of the Astrophysical Observatoiy of 
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the CaUfomia Institute, which will co-operate with the staff 
at Mount Wilson. 

The new Safety in Mines Research Laboratories in Sheffield, 
opened officially by the Prime Minister on October 11 last, are 
described in detail in Safety in Mines Research Board Paper 
No. 44 (H.M. Stationery Office, price 6d. net). The opening 
of this new research station is the last step in the efforts which 
have been made for more than a century to apply the systematic 
methods of science to the solution of problems of the dangers of 
coal mining. The laboratories are intended for small-scale 
experimental work, the large-scale experiments being carried 
out at the Buxton station, opened eighteen months ago. 
The staffs of the two stations work as one unit, investigators 
being transferred from one to the other as the nature and progress 
of their work require. Both are paid for by grants voted 
by the Miners’ Welfare Committee from their fund. The new 
building has four floors and a basement. The rooms are small, 
but separated by light movable partitions, so that larger rooms 
to house several workers can be formed if future requirements 
make it necessary. Steam is supplied at 50 lb. per sq. inch 
from a boiler on the second floor and “ vacuum ” from a pump 
in the basement capable of exhausting 40 cubic feet per minute 
to a vacuum of nearly 30 inches of mercury. Alternating 
current is supplied from the town mains and direct current from 
a 40-kilowatt converter, the wiring being carried out in cab- 
tyre sheathed cable run bare on the walls to enable modifications 
to be made with a minimum of disturbance. There is a small 
library of books and periodicals. 

The paper contains brief accounts of the investigations now 
in progress in the laboratories and eleven full-page plates illus¬ 
trating rooms and experimental arrangements. 

We recommend to the attention of our readers a lecture 
entitled Anthropomorj^hism and Physics delivered by Prof. 
T. P. Nunn tqthe British Academy in 1926 (London ; Hum¬ 
phrey Milford, price 2s. net). It contains a philosophical review 
of the present position of physics and an expression of the 
somewhat heterodox opinions of its distinguished author, who 
believes that " music and laughter, the coloured beauty of 
living creatures and of the sky, sea, mountain, and plain, even 
in some way the goodly savour of food, wine, and tobacco, are 
realities—^not phantasms dwelling only in the mind ”—a belief 
which he maintains is shared by even “ the hardest-shelled 
man of science ” after business hours I Prof. Nunn maintains 
the doctrine of the objectivity of sensa. “ ‘ It is not in virtue of a 
substance contained in them that things are ; they are, when 
they are qualified to produce an appearance of there being a 
sub^ance in them ’ ” (Uitze). The latter part of the address 
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contains arguments against the existence of the electron. 
One—^the metaphysical argument—^is summed up thus : " For 
if the only shapes, sizes, and positions we know are those of 
sensa, how can an electron, into whose constitution, by hyp^ 
thesis, no sensa enter, have position, size, or shape ? ” '^e 
other “ aims at discrediting all scientific objects by showing 
that in the history of science they have been constantly found 
out and discarded,” e.g. caloric, electric fluids in current-bearing 
wires, and the asther. It is not impossible, even, indeed, 
probable that Prof. Nunn may be right about the electron ; but 
the arguments employed can carry but little conviction to the 
experimentalist. In conclusion, there is a brief discussion 
of the wave-group theory of the electron. The question is 
asked ” Waves of what ? ” and answered in terms of White¬ 
head’s “ ether of events.” Whether one agrees with Prof. 
Nunn or not one must agree that his lecture is interesting, 
provocative, and worthy to be read. 

The Transactions of the Royal Society of Canada (Vol. XXII, 
section iii), for January 1928, contains a number of papers 
of considerable interest to physicists. Prof. Boyle and Dr. 
Rawlinson contribute a paper showing details of a solution of 
the problem of the passage of sound through three contiguous 
homogeneous media with plane parallel interfaces. The special 
case of the transmission through a partition in an infinite 
medium is of importance in ultra-sonic wave research. One 
conclusion is that all the incident energy will be transmitted 
by the partition if cos t'/cos r = PiVijpiVt, where p and v 
indicate density and velocity respectively (the product p> 
being known as the acoustic resistance of the medium). In 
another paper Lane and Bieler describe experiments on the 
magnetic susceptibility of sodium and potassium, the results 
(0*65 X io~* and 0*54 x io~* respectively for mass suscepti¬ 
bility) being in good agreement with Pauli’s calculations. 
Henderson shows that tourmaline crystals can be used as 
piezo-electric resonators. Messrs. Shipley and Goodeve give 
an account of their work on the effect of high voltage arcs 
under water, finding that the decomposition effected is much in 
excess of that indicated by Faraday’s law—probably as a result 
of thermal decomposition. Finally, Prof. J. C. McLennan and his 
collaborators contribute a number of papers of a spectroscopic 
character. 

We have received a number of copies of the Bell Labora¬ 
tories Record—a monthly magazine printed by the Bell Tele- 

f )hone Laboratories, Inc., N.Y., for the information of the 
aboratory staff. It is quite the best staff magazine we have 
yet seen, and the pages devoted to club matters, insurance, ans 
personalia show that those in control of the oiganisation realQ 
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take a keen and practical interest in the welfare of the staff. 
Two-thirds of each number is devoted to articles, one of which 
is usually of general scientific interest, while the others refer 
to matters of special importance in telephony. For example, 
the October number (Vol. 7, No. 2) contains an account of the 
work of the American Nobel Laureates in physics, by K. K. 
Darrow ; an article on the acoustics of the auditorium, by E. C. 
Wente ; a description of a few of the relays used in the Bell 
system, and another describing some of the keys used on manual 
telephone switchboards. All these articles are illustrated by 
diagrams and photographs of quite exceptional merit. 

The Bell Laboratories have recently prepared a new magnetic 
alloy, which they call Permivar—containing 45 per cent, 
nickel, 25 per cent, copper, and 30 per cent. iron. The properties 
of the alloy depend very much on its heat treatment, and when 
this is carried out in a prescribed manner the hysteresis loss 
per cycle per c.c. of metal with a maximum induction of 100 
gauss is only 2*5 x io“* ergs as compared with 1 erg for iron 
and 3*3 X io“* ergs for permalloy. The magnetic properties 
of permivar make it very suitable for the cores of telephone 
circuit loading coils. 

In an account in Nature (Oct. 20, 1928) of the proceedings 
of the World Fuel Conference held during the period September 
23-October 6, attention is drawn to the extraordinary neglect 
(? exploitation) of the domestic user in this country. His total 
consumption of coal is about 23 per cent, of the total production 
—more than that of all the railways, gas, and electrical com¬ 
panies combined. He pays twice as much per ton as the 
industrial user, and obtains at this extravagant cost an 
inferior product sold under a fancy name without the exact 
specification (such as calorific value, ash or stone, content, etc.), 
which forms the basis of coal purchases in industry. It is 
indeed time that an official body should be constituted to 
define and maintain a standard of quality in the different 
classes of coal supplied for domestic use. 

Vol. X, No. 2 of the Journal of the Council for Scientific 
and Industrial Research, Commonwealth of Australia, contains 
a brief note on the “ %ing fox " problem in Queensland and 
New South Wales. T^e so-called “ flying fox ” is really 
a large bat, Pteropus poliocephalus being the commonest 
spedes. “Nocturnal in habit and very gregarious, these 
animals live in large camps of hundreds of thousands of indivi¬ 
duals. They migrate according to season and food supply, but 
usually return to the same camps in successive seasons. In the 
day-time they cling to the branches of trees in dense numbers ; 
they are restless and alert, and a single gun-shot will put the 
whole camp in flight. At night they depart in search of food 
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such as fruit, berries, eucalyptus flowers, and honey. They 
are particularly fond of cultivated fruit, and the damage they 
can do in an orchard in one night is appalling. The amount of 
fruit eaten is relatively small, but the ground is strewn with 
material which has been merely _ nibbled or claw-marked.” 
Many obvious methods of destruction have been tried, but in 
every case the scale of possible operations has proved to be 
hopelessly inadequate. It has at last been decided to appoint 
a special investigator for a period of two years at a salary of 
£600 per annum, whose chief duty it will be to study the biology 
of the animal with a view to its possible control. Wholwale 
slaughter is necessary even to keep the pest from increasing;; 
even now it constitutes a most serious menace to fruit¬ 
growers in the affected States. 

A longer and more important paper in this number of the 
Journal deals with the wastage of Australian fruit during the 
voyage to England and after the fruit reaches the market. 
Bitter pit in Cox’s Orange Pippin and Cleopatra form the most 
serious source of loss on the voyage, but in 1927 internal break¬ 
down caused large losses during distribution. Thus with three 
boxes of 2j in. apples the following results were obtained : 

Box t. Cox's Orange Pippin, Collinsdale: 

Days from discharge ... 5 10 18 30 

Internal breakdown . . . 0-7% i2-8% 25*0% 33’8% 

Box 2. Ribston Pippin, Latrobe: 

Da3r8 from discharge ... 3 9 18 

Internal breakdown . . . 4*0% 20*5% 38*5% 

Box 3. Ribston Pippin, Tasmania: 

Days from discharge ... 6 19 

Internal breakdown . , . 2*5% 18*5% 

Further inv^tigation of the conditions of picking, packing 
and transit is required to ascertain the cause of such rapid 
deterioration. Losses on pears were chiefly due to over-ripeness 
when gathered. The condition of grapes on arrival in England 
is very uncertain, and further investigation is required. The 
importance of the work both to the Australian ^ower and to the 
European consumer is obvious. The data ^ven above were 
obtained by the British Food Investigation Board. 

Further investigations of the Kimberley Horse Disease 
confirm the already published conclusion that it occurs when 
horses are allowed to eat the leaves of AUtlaya hemigUmca 
(Whitewood), a tall shrub which is to be foimd m all parts of 
North Australia. It seems extremely probable that the U 1 effects 
produced by the AkUaya are due to its saponin content (from 
3*5-4 per cent.). Pathological examinations show changes in the 
liver similar to those which occur in Winton disease (New Zea- 
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land) and dimziekte (S. Africa). Winton disease has been shown 
to be due to ingestion of Senecio Jacobcea (ragwort) which the 
investigators of Kimberley disease have now tested and shown 
to be fairly rich in saponin. It is evident that a fertile line 
of inquiry into various obscure stock diseases has been opened 
up. (Commonwealth of Australia : Council for Scientific and 
Industrial Research, Bulletin No. 36). 

Antiquity (edited by 0 . G. S. Crawford, F.S.A,, and published 
by John Bellows, Gloucester) is, perhaps, the only journal 
devoted solely to archaology which may occasionally be seen 
on a station bookstall. To all who arc especially concerned 
with that subject it is, no doubt, familiar already, but an 
appeal is made to a wider circle. Its articles comprise both 
summaries of technical reports which have been published else¬ 
where and original researches. In No, 6, Vol. II, June 1928, 
Randall-Maciver contributes the second part of the “ Fore¬ 
runners of the Romans,” which deals with the pre-Etruscan 
Iron Age peoples of Italy. Two of the largest dolmens in 
Central France, near Tours, are described and figured by Vice- 
Admiral Boyle Somerville. The capstone of one of them is 
estimated to weigh 86 tons, and the organising of the army 
of over 3,000 men required to place it in position must be 
accounted one of the most amazing feats performed by pre¬ 
historic man. An article by Eric Thompson entitled ” The 
‘ Children of the Sun ’ and Central America ” is somewhat 
violently antagonistic to the ideas of the ” Manchester School.” 
Illustrating his point by the archaeological history of Cranborne 
Chase and Grovely Forest in Wiltshire, the editor contends 
that there was a definite break between the civilisations of 
Roman and Saxon times in England. Other articles deal with 
the evidence of ancient cultivations at Grassington in Yorkshire 
and the library of Alexandria. There are notes on numerous 
recent excavations carried out in many different parts of the 
world, and 2^ reviews. In its matter and style Antiquity is 
fully maintaining the high standard of its earlier parts. 
Although frankly opinionated in its attitude towards certain 
theories, this quarterly serves a most useful purpose in keeping 
all interested in its subject in touch with many varied aspects 
of the most recent research. 

Sir Ronald Ross’s Archives, containing many original 
papers and letters, notebooks and other documents, connected 
with his work on Malaria and Mosquitoes, have been sold to 
Lady Houston for )£2,ooo. On the other hand sixteen 
mahogany chairs have recently been sold at Christie’s for 
1,4SO guineas. Evidently modern Britons think as much of 
their seats as of their senses. 



CORRESPONDENCE 

To the Editor of Science Progress 
SUNLIGHT IN INDUSTRY—A CORRECTION 
From L. V. Dodds 

Dear Sir, —^My Essay entitled “ Sunlight in Industry,” 
published in Science Progress, April 1928, contains the 
following paragraphs : 

” The Medical Officer of the Packard Motor Company has 
stated that, in his opinion, the use of ultra-violet enei^ ai the 
Packard works has reduced the amount of amputated fingers 
at least 80 per cent, and the period of disability 40 per cent. 
Dr. L. Donnelly, M.D., records how the General Electric 
Company have made very extensive investigations regarding 
the effect of ultra-violet energy on the efficiency of employees, 
and they found that during the winter months their employees 
made many more mistakes, and their output per hour was less 
than in the summer months. Ultra-violet burners were 
installed at one end of a big room, and suitably screened to 
prevent injury to the ejres by the shorter wave-lengths. At 
the end of a month’s time it was found that the employees 
under the ultra-violet lights were producing considerably more 
work than those at the other end, and that the percentage of 
errors was greatly reduced.” 

The authority for these statements was an article by L. 
Donnelly, M.D., in the American Journal of Physical Therapy, 
June 1925, p. 127. It appears, however, that they are quite 
incorrect. A. W. George, M.D., the Chief Surgeon of the 
Packard Motor Co., writes : 

" I am glad to have this opportunity of flatly denying the 
statement which Dr. Donnelly has attributed to me. We have 
never been able to reduce the number of amputated fingers 
80 per cent, by the use of ultra-violet energy, safety campaigns, 
or by any othor means. ... I am using ultra-violet light in 
the treatment of wounds and their complications many times 
every day and look upon it as a valuable therapeutic agent; 
but I do not attribute to it the miraculous qualuies that Dr. 
Donnelly and a few other enthusiasts claim for it.” 

504 
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Similarly, the General Electric Co. of Schenectady, N.Y., 
denies any loiowledge of the investigations referred to in the 
second paragraph quoted above. 

I regret that the errors in the original article were repeated 
in Science Progress and am very much indebted to Mr. E. E. 
Slosson, the Director of Science Service, Washington, D.C., for 
the trouble he has taken in drawing ihy attention to them and 
In sending copies of letters of denial from the Packard and 
General Electric Companies. 

Yours faithfully, 

L. V. Dodds. 

Sutton-on-Hull, 

Yorkshire. 

Nov. 13, 1928. 

RE CELOTEX 
From A. C. Kemp 

Dear Sir, —^To an architect—or indeed anyone interested in 
the various ramifications of the building question—the recent 
article by Mr. Gotdon Temple upon the utilisation of waste 
is most interesting. 

May I, however, be permitted to point out that the statement 
that less than two years have elapsed since its introduction 
into this country is scarcely accurate, since Celotex sheeting— 
in exactly the same form as now used—was being sold and used 
in many parts of England in 1924, considerably earlier than 
your correspondent indicates. 

Yours faithfully, 

Arthur C. Kemp, F.F.A.S. 

Chalfont St. Gilxs, 

• Bucks. 

Nov. 13, 1928. 
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ESSAY-REVIEWS 

Aarrs AB SOCXAX; XITBSCTS. By Horace St. J. K. Donisthorpe, 
F.Z.S., F.E.S., etc., being a review of The 8ooi«I World of the Anti 
ooupsred with that of Mu, by Auguste Fokel, translated by C. K. 
Ogden. [Vol. I, pp. xlv + 551, plates i-ix, figs. 1-95 ; Vol. II, pp. 
XX + 445, plates x-xxiv, figs. 96-128.] (London and New York : G. H. 
Putman’s Sons, 1928. Price 3 guineas net.) 

Before dealing with the body of the work it may be as well 
first of all to say a few words about the translation. The 
original edition was published in five small volumes (1921-3), 
but the translation appears in two handsome, but rather 
ponderous, ones. Volume I consists of the Translator’s Fore¬ 
word, Table of Contents, Explanation of Special Terms, 
Explanation of Plates and Figures, Preface by the Author, 
and Three Parts corresponding to the first three volumes of 
the original edition. Volume II consists of Table of Contents, 
Explanation of Plates and Figures, Two Parts (Parts IV and V) 
corresponding to the last two volumes of the original edition. 
An Appendix, “ The War between the Ants and the Termites, 
a Study of the Origin of Instinct,” by Edouard Bugnion (which 
appeared at the end of the original third volume), and an 
Index of 38 pages. The work is most admirably translated, 
very well printed with very clear type, on very good paper, 
and nicely bound. It is undoubtedly a fact that the translatipn 
is far superior to the original work, in usefulness as a book of 
reference, and in every way. The excellent Index at the 
end of Volume II increases the value of the work enormously. 
A thorough explanation of the plates, and figures, is given m 
each voluine, and furthermore the latter are arranged in their 
proper positions and sequence and not dotted about the book 
indiscriminately. The credit is also now given to all sources 
whence the figures were obtained, or copied. Some of the 
worst mistakes in the original work have been altered in the 
text itself, and in a footnote to the translator’s admirable 
foreword (p. viii) a certain number of our criticisms and correc¬ 
tions (from our reviews of the original volumes) are referred 
to. We will take this opportunity most heartily to con¬ 
gratulate the gifted translator on his very fine achievement. 

In reviewing this undoubtedly great work, the final and 
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magnum opus of the veteran Swiss myrmecologist and scientist, 
Dr. Au|[uste Forel, we are personally handicapped by a too 
hypercritical sense, the result of an intimate knowledge of the 
habits of,and works on, what are admittedly the most fascinating 
of all insects. This has been brought about by the close study 
of ants and their guests during the last forty years, not only in 
nature and the laboratory, but also in all the works on the 
subject, both ancient and modern. It were better to be a general 
scientist, entomologist, or student of Natural History, instead 
of a " myrmecophilous ” specialist, when the great interest of 
the whole subject, the grandeur of the theme, and the fine 
achievement in treating of every detail in every branch in the 
study of ants would not be depreciated by a too ready con¬ 
sciousness of every small error and inaccuracy, or the realisa¬ 
tion of the fact that certain parts of the work are not up to date. 

The great Charles Darwin wrote, in 1863 : " Accuracy is 
the soul of Natural History. . . . Absolute accuracy is the 
hardest merit to attain, and the highest merit. Any deviation 
is ruin.” If, therefore, we feel it a duty to point out any such 
inaccuracies which appear to us to exist here and there through¬ 
out the book, it is not with any intention of belittling the really 
fine character of the work, nor to detract from the praise due 
to the distinguished author, for whom we possess nothing but 
admiration and respect, but for the benefit of any serious student 
of rnyrmecology who might otherwise be misinformed on 
certain points. In the preface we learn that Forel, who was 
born on September i, 1848, passed his early childhood until 
he was eight and a half years old in the small village of Lonay- 
prfes-de-Morges, on the shores of Lake Geneva. There he made 
his first acquaintance with, and indeed began his studies on, 
ants, and actually witnessed, what he afterwards came to 
realise was a slave raid, made by some red ants on his black 
ant friends living on the terrace of his father’s garden. When 
he was eleven years of age his grandmother presented him with 
a copy of Pier?e Hubert Recherches sur les moeurs des fourmis 
indigenes (1810) [a work which, together with Lubbock’s Ants, 
Bess, and lVasps {\%%2), and Forel’s Fourmis de la Suisse ^1874), 
formed our own original myrmecological library], which he 
describes as a revelation to him. He then and there vowed 
to himself he would be an ant-historian like Huber all the days 
of his life, and he has ever since kept his word. 

His writings have been very prolific, and he has helped to 
advance the study of ants in all its branches. 

Forel gives a list of his myrmecological friends and colleagues 
to whom he says science, like himself, also owes much. It is 
with regret that we notice the name of only one Englishman 
mentioned—he being more of a big game hunter than a myrme- 
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cologist. That he should have omitted the name of the late 
Lord Avebury (Sir John Lubbock), who did so much to encourage 
the study of ants, and made so many original discoveries and 
experiments, is alone deplorable. We ourselves are amply com¬ 
pensated by the generous tribute in the translator's foreword. 

We will now endeavour briefly to follow the author through 
the work, touching as far as possible on the different subjects 
with which he deals. 

We first read about the phylogeny of ants, which teaches one 
to understand the ancestral origin of these insects ; ontogeny, 
their individual development and the reason for their poly¬ 
morphism, external anatomy, their structure as seen by the 
naked eye or through the magnifying-glass, internal anatomy, 
the structure of the vital organs of their wonderful bodies ; 
and classification which makes one realise the manner in 
which to distinguish their genera, species, races, and varieties 
from one another, taking into consideration as far as possible 
their phylogenetic descent from the earliest times. 

Fore! considers that the ants must be derived from non¬ 
social insects very closely akin to the Mutillids, whose females 
probably had no wings. It is true that the male in one of the 
most primitive ants belonging to the subfamily Poneritus 
might be mistaken for a Mutillid even to-day. Wheeler, 
however, considers that ants are most closely related to the 
Scoliidee, since they must be traced to ancestors which were 
winged in both sexes. Escherich also has pointed out that it 
is unlikely that a wingless form which had once acquired wings 
would again lose them, as in the case of wingless females. 

It is evident that Forel is of the opinion that the sex of an 
ant is already determined in the egg—as is the case with 
Termites. He writes: “The differentiation must begin at a, 
very early stage in the larva, if not actually in the egg, which 
appears to me much more probable ” ; but previously he 
definitely states : “ Polymorphism in ants takes place in the 
egg 1 ” We, however, from our experiments with a living 
colony of Myrmecina graminicola, which has been in our 
possession for over eighteen years, consider that it is caused by 
the feeding of the ant larvse by their nurses. Wheeler also, in 
one of his latest papers (1928), writes : “ The fact that the 
mithergates of such ants as Pheidole often exhibit an anomalous 
mixture of traits characterising all three of the female castes 
affords valuable confirmation of the theory that the fertilised 
eggs all have essentially the same genetic constitution and that 
the resulting larva develop into workers, soldiers, and fertile 
females or queens, because they are subjected to three differei^ 
trophic conditions by their worker nurses.” T 

One of the reproductive organs in the female ant is knowji 
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as the receptaculum seminis. This is a small pocket which 
is filled with the male element during copulation. The eggs 
are fertilised during their passage through the uterus by sperm 
ejected from the receptaculum. Forel alone calls this 
“ the female seminal vesicle,” and although his figure No. 19 
is said to be after Adam and Escherich, both these authorities 
call it the receptaculum seminis. Escherich and Wheeler 
both use Janet’s figure of a female Myrmica to illustrate the $ 
reproductive organs and, as does Janet, call this pocket the 
receptaculum seminis. 

Forel states that at present we divide the ants into five 
subfamilies ; but in 1920 Wheeler created two more—the 
Pseudomyrmince and the C&rapachyince —bringing the number 
up to seven. It was Wheeler also in 1920, not Emery in 1922, 
who replaced the name Camponotince by that of Formicince. 

For the geographical distribution of ants Forel gives nine 
major faunas. Of these the ant fauna of the Pala;arctic 
region proper {i.e. not including the Mediterranean region) 
is, relative to its large size, the poorest in the world. The 
largest ant fauna is the Neotropical, and next in numbers 
comes the Indo-Malayan. A close relationship exists between 
the ants of the Nearctic and Palsearctic regions, an equally 
great difference being found between those of the Nearctic 
and the Neotropical, the Neotropical and the ^Ethiopian, etc. 
It is curious that some species in the extreme northern and 
southern faunas are very much alike ; this is not on account 
of relationship, but has been brought about by convergence, 
through the effects of a similar climate, etc. Many species 
of ants have or are becoming cosmopolitan through the influence 
of navigation and commerce—one of the examples given by 
Forel is the notorious ” Argentine Ant ” Iridomyrmex humilis, 
which in recent times has reached Europe. Forel records it 
from Portugal and the South of France. We discovered it in 
Sicily in 1926^ it has been found in Guernsey, and we note it 
from Belfast, Edinburgh, Eastbourne, Enfield, Plymouth, 
Broadbottom (Cheshire), Manchester, Tring, and Windsor. 

Numerous fossil ants have been discovered, especially in 
the Baltic and Sicilian ambers, but no species is known to have 
existed before the Tertiary Epoch. Still the remains of ants 
are so numerous in the early Tertiary, where the males, females, 
and workers are as sharply differentiated as at the present day, 
that it seems probable they must have existed as far back as 
the Trias, though they have not left any remains. We have 
recently described and enumerated all the known British 
fossil ants. 

As Forel points out, physiology is the study of the functions 
of the body. Psychology is the study of the mind and the 
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physiolo^ of the brain. The sensations of ants give them 
information about the external world. They combine these 
data by means of their movements, and their brain. 

Ants possess the senses of smell and touch (partly combined), 
taste, sight, and probably hearing in some form (Forel does not 
deny a certain kind of hearing in ants, but does not consider 
their audition is the same as ours). They are thus able to 
find their way, communicate with each other, and know each 
other. 

Brun, Cornetz, Miss Fielde, Forel, Lubbock, Wasmann, and 
others, have all contributed to our knowledge of the Psychology 
of ants. 

S3mibiosis is the more or less constant and intimate union 
of one species of living beings with another species. Forel 
distinguishes three kinds of symbiosis in ants: (i) between 
two different species of ants ; (2) between a species of ants, 
and other animals ; (3) between ants and plants. Partial 
symbioses between ants and plants are very numerous—they 
inhabit the gall-like roots of Myrmecodice, etc. ; cut leaves of 
plants for their fungus gardens ; inhabit the stems of Triparis 
and Cecropia and spines of acacias, etc.; several species 
amicably inhabit the same plant; collect certain seeds (myrme- 
cochorous seeds); plant ant rice {Arisiida), and other grain ; 
are digested in pitchers of Nepenthes, etc. ; and certain moss 
(Polytrichium) grows over and obliterates their nests, etc. 

Those animals which live with ants are known as myrme- 
cophiles, and Forel recapitulates Wasmann’s four divisions— 
the Symphiles (True Guests), Synoeketes (Indifferently 
Tolerated Lodgers), Synechthvans (Hostile Persecuted Lodgers), 
and Parasites (Ecto- and Ento-). Some of the different means 
utilised by these creatures to achieve their ends are mimicry 
—limitation of form, colour, and movement of one living creature 
by another (Forel gives as an illustration green insects which 
live among green leaves, etc. This is more usually called 
"protective resemblance")—trichomes—attractive patches of 
hair ; porous canals ; offensive and aggressive measures, etc. 
Various examples are given of guests in the four different 
divisions. 

The food of the larvae of Microdon (certain Diptera) is said 
to be unknown ; it is perhaps as well to mention that in 1911 
we demonstrated by experiment that these larvae feed on the 
pellets ejected by the ants from their infrabuccal pockets. 

Ectoparasites are creatures which fasten themselves on to 
the bodies of their hosts. A good example given by Forel is 
the little fly {Metopina pachycondyke) whose larva clings to the 
neck of an ant larva {Pachycondyla narpax) in Texas by means 
of a sucker, and encircles its host like a collar. To speak of th(| 
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larva of Clytkra, which encloses itself in a case made of earth 
mixed with its own excreta, and walks about independently 
inside the ants’ nest, as an ectoparasite is clearly inaccurate. 
Moreover, we worked out the life-history of this beetle in 1902, 
and have shown that its larva feeds partly on vegetable refuse 
in the nest, and also on the droppings and pellets of the ants 
—not on the ants’ eggs, as stated by Forel. 

The descriptions of a certain number of Hermaphrodites 
are given—these are more usually called Gynandromorphs, 
Ergatandromorphs, and Dinergatandromorphs, according to 
whether the individual has male and female, male and worker, 
or male and soldier characters combined, as the case may be. 
Up to the present time some 49 such individuals have been 
recorded in ants. 

As to what is the origin of hermaphrodites Forel suggests 
it is probable that primordial anomalies of the egg after its 
fertilisation, or even before, may play a large part in the matter. 
In the case of von Sommern’s experiments, reported by 
Poulton, several gynandromo^hs of the butterfly Papilio 
dardanus were produced by simple mechanical shock at the 
lime during which the larval skin is being cast and the pupa still 
soft and unset. 

True monstrosities also occur in ants, which may possess 
an extra number of legs, or deformed joints, etc.; but these 
belong to quite different phenomena from those of gynandro- 
morphism. 

Ants build their nests everywhere—they are nearly all 
irregular, variable, and adaptable to circumstances, whether 
in the earth, in wood, or trunks of trees, in pre-existing cavities ; 
being woven, or constructed of carton, etc. Forel describes 
nearly all the different kinds of nests, and figures many of them. 

The CTeater part of the rest of the work deals with the 
habits of ants both within doors and without, including their 
specialised habits. This is, of course, the most interesting 
part of the sfUdy of ants, as indeed of all insects. Space will 
not allow us to follow the work any further in detail, but we 
can recommend its careful perusal both by the student, as well 
as the general reader. We must, however, call attention to 
the following points ;— 

When describing the different observation nests used by 
various m3mnecologists to study live colonies of ants in the 
laboratory, Forel suggests that Gould (1747) only studied the 
habits of ants in a state of nature, and did not use any artificial 
apparatus to observe them in. Gould himself, however (p. 25), 
speaks of placing in a box with moist earth " three or four 
cells of ants ” with their young and also a queen, etc. Pierre 
Huber was not the ^t, as stated by the author, to use observa- 
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tion nests to study ants in ; since Swammerdam described, in 
*737> the apparatus used by himself for this purpose. It 
was Lubbock (in 1876) who first actually demonstrated that 
females after the marriage flight are capable of bringing up their 
brood to maturity unassisted. 

It is not the Ponerince alone who feed their larvae with bits 
of cut-up prey. In the subfamily Mynnicince, we have fre¬ 
quently seen, for example, the ants in our nests of Myrmecina 
gratninicola and Stenamma westwoodi place bits of cut-up 
insects, etc., on their larvae, which are eagerly devoured by 
the latter. 

Wheeler has shown that ant larvae also supply food to the 
ants their nurses, as is the case with wasps, and this he calls 
trophallaxis ; therefore it cannot be said that '* the ant alone 
is active.” 

Lubbock was the first to prove that the eggs of aphides 
were carried by ants into their nests for the winter, and when 
hatched in the spring, taken out and placed on their proper 
food-plants. 

In the relations of ants to caterpillars of the Lycacnid 
butterflies, no mention is made of Chapman and Frohawk. 
To ignore the work of these two authors is to leave out the most 
important observations and discoveries made on the subject. 

Silvestri did not find that the larva of a lady-bird sucked 
the secretion of Tettigometra larvae living with Tapinoma, but 
that it devoured them. 

With reference to mutual parasitism of ants, we should 
consider Formicoxenus nitidulus to be a commensal, or myrme- 
cophilous species rather than a parasite. 

It is true in the main that with every ant the sentiments of 
fear and hostility are wakened by the odour of an ant which 
she has not met individually. As an exception we can quote 
a number of workers of A. (C) umbratus from Weybridge, which 
we had under observation, and having introduced to them 
individuals of the same species from Woking, Richmond Park, 
and Deal, the latter were at once accepted without the slightest 
hesitation. 

Our experience with Myrmecina graminicola proves this 
ant to be by no means ” very peaceable.” Not only have we 
never been able to get two colonies to amalgamate ; but in the 
colony which has been in our possession for over eighteen years 
very severe fighting has more than once taken place. 

Forel expresses a doubt about Green’s observations on 
Dorylus orienialis eating various tubers, such as potatoes, etc., 
but Mr. E. Green tells us he has observed it himself over and 
over again in Ceylon. 

In connection with the interesting habits of those ants 
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which use their larvae to spin silk to fasten together the leaves 
of which their nests are constructed, it may be pointed out 
that the first mention of the actual nests in the iterature is 
to be found in Captain Cook's Voyages. In 1770 he observed 
the nests of (Ecopkylla virescens in the branches of the mangroves 
in North Queensland. The discovery of how these nests were 
constructed was first made (as stated by Forel) by Ridley in 
1890. He was followed by Saville Kent in 1891, and Green in 
1896. All three of these observers made the discovery inde¬ 
pendently, without knowing about the work done by the 
others. 

It is stated that no genus of Ponerince is able to rear aphides 
or coccids, or any other cattle. We, however, have found 
the coccid Ripersia donisthorpei, the colembolid Cyphodeirus 
albinos, and several beetles, including the regular guest of this 
ant, Bythinus glabratus, with Ponera coarclata in England. 

Wheeler not only separated the Pseudontyrmince as a sub¬ 
family on the basis of his studies of the gizzard and the larvae 
of ants, and also of their nutrition, but also because the shape 
of the head, especially the clypeus and frontal carinae, is unique ; 
the eyes are very large, the construction of the petiole, post¬ 
petiole and spurs is peculiar ; and that the antennai are 12- 
jointed in the cJ as well as in the $ and 

We regret that throughout the work, and especially in the 
Epilogue, the author has taken the opportunity to air his 
socialistic views. In our opinion an entomological work is 
not the appropriate means for the introduction of political 
theories of any kind, still less for their glaring advertisement. 

AX fiirOLZSK OZ80ZPLS OF KSITDZL. By /?,. Being a review of 
William Bateson, F.B.8., Naturalist: his Essays and Addresses, together 
with a Short Account of his Life, by Bbatbicb Bateson, [Pp. ix + 473.] 
(Cambridge : at the University Press, 1928. Price 21s. net.) 

William Baii^son was bom in August 1861, less than two 
years after the publication of the Origin of Species. Twenty- 
two years later, after completing the Natural Sciences Tripos 
at Cambridge, he was himself setting to work on the investiga¬ 
tion of biolo^cal problems. His first attempt was along the 
then conventional lines of descriptive embryology: in studying 
the life-history of Balanoghssus he sought to throw light on 
the ancestry and evolution of the Vertebrata. This very 
attempt, however, left him with the feeling that it was not by 
the methods of comparative anatomy and embryology that the 
problems of evolution were to be solved. It seemed to him 
that in working so exclusively along these lines the zoologists 
of the last two decades, although professing Evolution as their 
faith and the author of the Origin of Species as their prophet. 
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had in reality departed widely from the methods and interests 
of Darwin himself. Forgetting that animals are living oi^;an* 
isms, they were content with studying and describing the 
" types ” of the lecture theatre and laboratory, and indulging 
in far too academic discussions as to the nature and course of 
evolution. Bateson felt that the problems which arose out of 
Darwin’s work could only be solved by Darwin’s methods. 
Evolution being dependent on the occurrence of variations, it 
could best be elucidated by a study of variation and its mode 
of occurrence in living organisms, and henceforward we find 
him making such studies the main interest of his life. For the 
next seven years he busied himself principally with the collec¬ 
tion of facts : “ he ransacked museums, libraries, and private 
collections ; he attended every sort of ‘ show,’ mixing freely 
with gardeners, shepherds, and drovers, learning all they had 
to teach him.” The results of these labours were published in 
1894 in his book. Materials for the Study of Variation. Not 
content, however, with simply amassing the observations of 
other people, he was already during this period commencing, 
on his own, breeding experiments on plants and animals in 
order that he might see for himself the way in which variations 
arise and the effects produced by intercrossing. This breeding 
work gradually absorbed more and more of his time and 
energies. 

From 1890 onwards we find him urging on senior zoologists 
and university authorities the importance of his methods to 
the modern student of biology. He appears to have received 
but scant sympathy, however, at any rate where university 
appointments were in question. It may have been that the 
general opinion with regard to his work was that expressed to 
him by Sedgwick : that he had gone too far afield and that his 
was a ” fancy ” subject. Furthermore, though not without 
devoted students, he seems to have alienated seniors and con¬ 
temporaries by a somewhat too aggressive assurance as to the 
merits of his own methods and the futility of all others. With 
the help of a collie stewardship, however, grants from the 
” Evolution Committee ” of the Ro^l Society and from the 
British Association, and other adventitious means, he managed 
to keep up and greatly extend his breeding experiments, and 
to cany on with them until, in 1908, a suitable appointment at 
last fell to him : the new Professorship of Biology at Cambridge, 
created for the advancement of Genetics, a science at last 
accepted as worthy of university recognition. This chair he 
held for two years only ; in 1910 he was offered the Directorship 
of the John Innes Horticultural Institute at Merton, and he 
accepted because, financial reasons apart, it afforded him the 
much-longed-for facilities for unlimited experimental plant* 
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breeding. Pursuing such experiments with untiring energy 
he remained at Merton until his death in 1926. 

Bateson thus had the rare good fortune to be able to devote 
practically his whole scientific life to the investigation of those 
problems which especially attracted him. Shortage of funds 
for the complete realisation of his experimental ambitions may 
at times have checked him, but he seems to have been usually 
little hampered by the routine teaching or the administrative 
drudgery which are apt to claim the lion’s share of the time 
and energy of so many scientific workers 

Beatrice Bateson, in a charmingly written Memoir, which she 
intersperses with numerous extracts from her husband^s writings 
and letters, fills in these bare outlines of his biological career with 
many details of scientific and personal interest. She paints us 
an inspiring picture of the Hero as Man of Science : passionately 
absorbed in his investigations, cautious and critical yet pro¬ 
ductive, working early and late with infinite patience and un¬ 
flagging enthusiasm, inspirer of an active band of students, still 
finding time for university interests such as controversies on 
the woman’s question or compulsory Greek, and gifted, more¬ 
over, with a wide general culture and a keen and informed 
appreciation of art. Finally, we may venture perhaps to add, 
fortunate in a wife no less energetic than himself, who, while 
keeping domestic affairs running smoothly, could share his 
intellectual interests and actively assist him in his work. To 
her the younger generation of biologists, commencing on their 
own investigations, can only be grateful for this vivid picture 
of what Bateson strove to be ; they are likely to find it of greater 
value than any more critical account of the man himself. 

The series of essays and addresses which follow the Memoir 
are scattered over the years 1899 to 1925. They are addressed 
not to the genetic specialist but to a wider audience, assumed, 
for the most part, to be equipped with sufficient scientific 
education to enable them to appreciate the more general con¬ 
clusions to be derived from the specialist’s work. Collected 
into a book, many of them will be found to be largely repetitions 
of those which have gone before, since each new audience, 
whether of horticulturists, agriculturists, neurologists, eugenists, 
educationists, economists, politicians, had of necessity to be 
instructed in the elementary principles of genetics before they 
could be shown how these might throw new light on their own 
particular problems. Again and again are repeated the same 
criticisms of the older methods of biological investigation and 
argument, and again and again we find the same insistence 
on the importance of the results of the experimental cross¬ 
breeder. The posterity of each individual must be traced 
separately. The gross statistical method confuses totally 
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different phenomena under the term " variation.” There is 
no sanction for the view that evolution occurs through the 
gradual transformation of masses of individuals varying almost 
imperceptibly from one another. 

Bateson held the view that a hard-and-fast line could be 
drawn between definite variations or ” nascent varieties ” and 
indefinite variations, or ” fluctuations.” The latter he believed 
to be merely “ ephemeral,” not capable of transmission, the 
latter to be transmissible and to follow the Mendelian laws of 
inheritance. He ignores the fact that the biometrician is 
quite conscious of the very wide range of variation in many 
living organisms and quite ready to recognise that the rare 
extremes of his statistical array—^with which he identifies 
Bateson’s definite variations—may play an important r 61 e in 
evolution. 

For biological students perhaps the main interest of these 
essays will lie in the historical account which they yield, when 
chronologically synthesised, of the development that Mendel’s 
law of heredity underwent at the hands of Bateson and his 
school. The first of the addresses—to the Royal Horticultural 
Society—^was delivered in 1899 before Mendel’s work was 
rediscovered and made known to the scientific world by De Vries 
and Correns. Less than a year later, while in the train on his 
way to give the second address to the same society, Bateson 
read Mendel’s paper of 1865, seized upon it at once as the key 
to the true understanding of the laws of variation and heredity, 
and incorporated an account of it in his lecture. Along these 
lines, he felt, must the genet-ical work of the future be developed ; 
here at last lay the path along which attempts to solve the 
problem of the origin of species must be directed. Henceforth 
we find that “ Mendelian Inheritance ” is the keynote of all 
the essays. At first Mendel’s laW is accepted in the simple 
form deduced by Mendel himself from his experiments on 
crossing different races of peas ; but as breeding experiments 
multiplied, and embraced an ever wider field, the simple law 
was not found to suffice, and one elaboration after another, 
undreamt of by Mendel himself, had to be added to explain the 
complex results. Dominance b first claimed as universal, then 
thrown overboard. The conception of ” determiners ” is intro¬ 
duced, then the conception of ” coupling.” ” Quantitative ” 
characters are differentiated from ” qualitative,” and it is 
admitted that the laws governing the descent of the former 
are still not understood. Even qualitative characters, though 
usually behaving; as integral factors, may on occasion undergo 
quantitative disintegration with the production of a graduated 
series of varieties intermediate between the two parent varieties 
that were crossed together. Such apparently non-Mendelian 
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results as are produced by the cross between negro and white 
man may be accounted for either by imperfect segregation or 
by a multiplicity of cumulative factors. 

Through more than twenty years we thus trace the fate of 
Mendel’s simple conception of heredity as, snowball-like, it 
gathers complexity in Bateson’s mind ; never allowed to prove 
unequal to the occasion, a new clause was promptly added to it 
whenever the need arose. It must be left to the future to 
decide how far this elaborate superstructure rests upon rock or 
upon sand, but, as we find Bateson himself proclaiming in an 
address on " Progress in Biology ” in 1924, Mendelian research 
has assuredly failed to reach the goal which it first aimed at: 
the origin 5 f species. As regards the problem of evolution it 
*' has finally closed off a wrong road.” 

In later life Bateson appears to have grown more willing to 
take an interest in the work that contemporary biologists 
were doing in other lines than his own. Thus, in his address to 
the American Association at Toronto in 1922, he confesses 
that he has been converted by the demonstrations of T. H. 
Morgan and his colleagues to a belief in the Chromosome Theory. 
In 1924 he is keenly interested in what D. M. S. Watson has to 
tell him of the evolutionary data slowly but surely accumulating 
at the hands of the palasontologist, and of the attempts that 
have already been made to interpret it. Perhaps, had he come 
into touch with the paleontological as with the cytological 
material that New York has to offer, before his Toronto address, 
he might have modified the statements that caused such 
rejoicings in American anti-evolutionist circles. Had he spent 
a day among the rich stores of the American Museum of Natural 
History, critically examining the superb series of fossil horses, 
and thus had for the first time a true record of evolution actually 
before his eyes, he could hardly have been less impressed with 
these data than with the microscopical preparations of the 
cytologist. How would they have affected his views as to the 
discontinuity of evolution, the unimportance of minute varia¬ 
tion, the futility of the statistical method of dealing with 
variation as a mass phenomenon, the lack of evidence as to 
adaptation in living organisms, and the minor part played by 
natural selection 7 

Readers, both scientific and lay, are likely to find much to 
interest them in this book, even though they hold critically 
aloof from its dogmata. Those for whom the more strictly 
genetical side has less appeal may yet find much to stimulate 
thought in the essays dealing with social and racial problems 
as viewed Iw the biolonst, and in those, such as ” The Place of 
Science in Education,’* in the educational series at the end of 
the book. 
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XABXinS SOOSOOY OK VXB KAOZKO OOJKV OY KOSm 
AXBKIOA. By Cbas. H. O'Donoghue, D.Sc. Being a review of 
Seashore Animala of the Pacdflc Coast. By Myrtle Elizabeth Jornsoh, 
Ph.D., and Harry James Shook, M.S. [Pp. xiv + 659, with 9 coloured 
plates and 700 figures.] (New York : The Macmillan Co., 1927. Price 
325. net.) 

The investigation of the rich and varied organisms on the 
shores of the Pacific Coast of North America b^an with the 
voyage of the Russian Captain von Kotzebue in 1824. The 
collections then made were reported upon by F. Eschscholtz 
in his Zoologischer Atlas, 1829-33. This was all in advance of 
what might be expected from the white inhabitants of that 
region at that time, and consequently there was a pause until 
the middle of nineteenth century, when the California Academy 
of Sciences started to publish their Proceedings, and keen 
naturalists like Cooper, Trask, and Stearns began to study the 
local littoral fauna of California, but more particular!}' in and 
around San Francisco. Almost at the same time W. K. Lord 
was appointed naturalist to the boundary commission, the first 
official British naturalist in these regions. In 1858 gold was 
discovered in the Fraser River Valley, and consequent upon 
this arose the need for accurately mapping the forty-ninth 
parallel. Lord was attached to the commission set up to do 
this. He was a man of acute powers of observation and 
catholic interests, and the list of animals he collected was 
published as an appendix to his most readable book, The 
Naturalist in Vancouver Island, in 1866. The work he so 
ably began was carried on, though not without a break, by a 
small group of enthusiasts in Victoria and Vancouver Island, 
among whom the names of the Rev. G. W. Taylor and Dr. 
Newcombe call for mention. 

Meanwhile, however, the work was being attacked along 
other lines and a series of biological stations were opened along 
the coast. The first of these was a small building put up in 
Chinatown, Pacific Grove, California, by some of the staff of 
Stanford University in 1892. Soon after a tract of land in 
Pacific Grove and a building were provided by T. Hopkins, 
and thus came into being the Hopkins Marine Laboratory, the 
director of which was, and is, Prof. W. K. Fisher. At the 
same time the University of California made a start in a tent 
at Pacific Grove, but this did not lead directly to anything 
permanent, and after various moves and experiments the 
Scripps Institution was erected in La Jolla in 1905, and two 
years later Prof. W. Ritter was appointed full-time director. 
In 1913 Pomona College built a station at Laguna Beach, 
California, with Prof. W. A. Hilton in charge. Before 
the last of these Californian laboratories was built, however, 
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a start was made 900 miles to the north in the Vancouver 
Island region. The first was a station at Departure Bay, 
near Nanaimo, on Vancouver Island, erected by the Biological 
Board of Canada, and of this the first curator was the late 
Rev. G. W. Taylor. Two years later the University of Wash- 
in^on established a laboratory at Friday Harbour, San Juan 
Islands, the director being Prof. C. T. Frye. The latest 
recruit is a station founded in 1926 at Prince Rupert by the 
Biological Board of Canada, with Mr. D. B. Finn as director. 

In more or less close connection vdth these stations, which 
on account of their connections with universities or government 
may be regarded as professional institutions, the greater part 
of the biology on the Pacific Coast has been done. The re¬ 
mainder was the work of what may perhaps be termed the 
San Francisco and Vancouver Island groups of amateurs, and 
some of these were in large measure collectors whose material 
was actually worked up by professional specialists. This 
stands in marked contrast to the condition in Great Britain 
during the first half of the nineteenth century, when by far the 
greater part of the work was done by the amateur, and if any 
consultation were necessary, it was usually the professional 
biologist who had to call in the aid of the naturalist. 

Marine biology on the Pacific Coast has now reached a new 
stage, for there are a number of amateur naturalists, of teachers 
in schools, students in high schools and universities and pro¬ 
fessional workers, who in these days are often little more than 
amateurs outside their own particular field. Over and above 
these there is a large and ever-growing number of persons 
who would scarcely regard themselves as naturalists, but who, 
nevertheless, are keenly interested in the multitudinous variety 
of animal forms to be found on the shores. The book under 
consideration meets the requirements of all these in a most 
satisfactory manner. It fills a need that has long been felt 
by workers on the Pacific Coast. 

It is possible to point to a few slips that will probably be 
corrected in a new edition which we feel sure will be called for 
before long, e.g. " ajority " for " majority ” on p. 130 ; “ iEoli- 
diidae ” p. 490, and " iEolidiadae,” p. 502, for “ iEolidiidae ” ; 
“ Styel " for “ Styela,” p. 6 ; “ 1997 ’* for “ 1897,” p. 330, etc. 
And, on the whole, it would be preferable to give the measure¬ 
ment all in the metric scale or in feet and inches, and not to 
use both, as on p. 443, inter alia. These matters are easily 
remedied, but there are three other criticisms that seem perti¬ 
nent. While recognising the need for brevity and other reasons 
that led the authors to omit the vertebrates, we cannot help 
linking that a short account of the very interesting intertidal 
and shore fishes would have added materially to the value of 
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the book. As an appendix there is a list of original publica* 
tions arranged under phyla. This in itself is good, but it is a 
pity that the latest reference given is one paper in 1923, whereas 
the book was not published until August 1927, and in the 
intervening period some useful work was done ; to mention 
only one, we have Oldroyd’s monograph on the shells of the 
coast. Moreover, there is plenty of internal evidence to show 
that more recent publications were actually consulted. Lastly, 
we cannot help feeling that Canadian work has not received 
the attention it merits. Nanaimo is not mentioned in the 
collecting grounds, whereas it and the Vancouver Island region 
are the classical and type localities for a number of the coast 
species. Fortunately the organisms themselves pay no atten¬ 
tion to the imaginary line forming the international boundary, 
and fortunately also we can say without fear of contradiction 
that that line plays no part in the exchange of hospitality, 
courtesy and good fellowship which is so marked among the 
biologists of all classes on the coast. * 

Apart from this, we have nothing but praise for the book ; 
its arrangement, its execution, its illustrations, and general 
get-up are excellent. In the preface it states " such a book as 
this is, of necessity, a compilation from many sources.” This 
may be strictly accurate in some senses, but the authors are 
far from doing themselves justice. It would be in a sense as 
true to say that a Beethoven sonata was just a compilation of 
musical notes or that a painting was a compilation of colours. 
By their judicious selection of facts, the successful arrangement 
of them, and their pleasing presentation the authors have 
limned a picture of a wonderful fauna that is more than a mere 
compilation. Moreover, the book is full of observations and 
has numerous original illustrations that bespeak long experience 
in the field and close observation of the animals themselves. 
In particular, the illustrations are excellently done, and in 
such a work this is a very important point. 

The book will be invaluable to biologists in the widest 
sense on the Pacific Coast of North America, and, moreover, 
to those elsewhere it will provide a source of reference not 
otherwise available. It may well mark the beginning of a new 
wave of enthusiasm among those to whom the inaccessibility 
of many of the highly technical original papers have proved too 
formidable a barrier to be overcome. Personally, we can say 
that it brought back the recollection of many happy hours 
spent at vanous points from Prince Rupert to Los Angeles 
in a most vivid and pleasant way. We should like to 
congratulate the authors and all concerned and to wish 
the book the high degree of success that its excellence fully 
warrants 
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OOanAmmm sm OAUtUIimt , Bv Hilda P Hudsoh. Sc.D., boing a 
review of A OoBtrOmtloB to fhe Theorjr of Epidamtet, by 

W. O. Kxrmacx and A. G. McKbmdrick. Proceedings of fhe Royal 
Society, A, Vol. 115, pp. yoo-yai, May 1927, 

In a mathematical treatment of epidemics, we can always 
write down a list of variables to represent as many of the 
features as we fanw, and arbitrary functions to represent their 
relations ; the differential equations then follow. In order 
to be able to carry the analysis far enough to test it by actual 
records, we have to take few variables and simple functions, 
^y particular choice of assumptions is open to objection, for 
it cannot possibly represent the whole truth ; it will be guided 
by the kind of application in view, and will be other for a 
short and highly fatal disease than for a protracted one from 
which people usually recover. 

It is in such respects that this investigation differs from 
the earlier one, cited by the authors, due to Sir Ronald Ross *; 
it is satisfactory to find that similar results follow from the 
two sets of assumptions. Both account for the usual course 
of an epidemic by the decrease in the number of susceptible 
people, without having to assume any rise and fall of the 
mfectivity ; both lead to functions having the familiar bell¬ 
shaped graphs, that of the case-incidence rising more steeply 
than it falls. 

The first main result of the paper under review is as follows. 
At any time after the outbreak of an epidemic, out of an original 
population N per unit area, let there be x persons still liable 
to infection, and y suffering from the disease. The epidemic 
is stationary if, on any day, the number of fresh infections is 
equal to the number of cases removed by recovery or death. 
The first of these two numbers is presumably dependent on, 
and the second independent of, the density x of the susceptible 
population ; both depend on the density y of sources of infec¬ 
tion, and on certain characteristics of the particular disease : 
its rates of infection, recovery, and mortality. If these rates 
are constant, and the two numbers simply proportional to xy 
and y respective^, there is a certain fixed value of *, here 
called the threshold density, for which y is stationary. If jc 
exceeds this value, y increases and x is therebjr decreased till 
it falls to the threshold value, after which the epidemic declines 
again. 

The paper contains an interesting extension to a disease 
transmitted through an intermediate host, to which nearly 
the sanOie analysis applies ; and some way is made with the 
far more difficult case of variable rates of infectivity, etc., 

* ProessUngi of the R, SiieiHy. Part I. A. V<ri. 9a, 1916. Parts II and 
III with Hilda P. Hadtoa, ibii.. A, V<a. 93.1917. 

34 
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provided that the epidemic is small, so that certain approxima* 
tions can be used. 

Of the assumptions here made in order to keep the equations 
simple, the one most open to query is the neglect of the birth¬ 
rate. Births tend to aggravate an epidemic by continually 
adding to the number of susceptible persons. In the example 
on p. 714, of an outbreak of plague in Bombay, the number of 
births is certainly of the same order as other numbers taken 
into consideration. This numerical example is of doubtful 
value. A comparison with statistics would be very useful if 
it told us something about the numerical values of the character¬ 
istics of the disease ; but this is expressly disclaimed, and 
would in fact require an epidemic on a very large scale, with 
the beginning and end of each case accurately noted ; few, 
if any, such records exist. This is the great difficulty in 
testing any mathematical theo^ of epidemics. 

We add a few captious criticisms of details. The authors 
themselves remark on p. 717 that the number % of initial 
cases, being an integer, can never be small in the mathematical 
sense, though y,/N can. It is exasperating that they did not 
therefore correct some inaccuracies on the previous pages ; 
the mea ning is, however, clear. A minor exasperation is the 
use of V- q for a real constant. 

More serious is the omission of any discussion of the relative 
order of the quantities assumed to be small. Two of these are : 

f ^ *9 - I, depending on the excess of Xt the original suscep- 

* tible population above the threshold value, k and 

/ being constant rates of infection and removal, 
and 

ay,/N, depending on the original number of cases. 

One of the constants of integration fe ^ where coth* ^ - i + 2oWf*, 
where osN*//, a constant nearly" equal to unity. The value 
of ^ depends on the order of vlr» and if this ratio is finite, a 
slight variation of x» can very greatly affect the value of ^ 
and of the integrated function. This is the point where the 
importance of the threshold density emerges from the differen¬ 
tial equation, and it is a pity that it is obscured by the way 
the analysis is set out. 

On p. 715 we have the amazing statement that the epidemic 
can take a certain course if is neglected, which, if it meant 
anything definite at all, would mean that there never were 
any cases, and therefore no epidemic. This is just the case 
when i>/f* s 0, however small f may be, and 4 is infinite. 

The main argument, however, can be based on the differen¬ 
tial equation (39), whicn is valid for all values of the constants, 
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just as well as on the integrated form (30), which may become 
illusory. 

The authors have made a definite addition to our knowledge 
of a subject on which too little work has been done ; it is much 
to be hoped that they and others will carry these researches 
further. 

VOBMAU or WOBLD WSATXSm. By E. V. Newnham, B.Sc. 

Being a review of Volume II of The KsniuU ot Meteorology, by Sir 

Napier Shaw. [Pp. xxxix + 445, with 225 figures.] (Cambridge: 

The University Press, 1928. Price 365. net.) 

Meteorology owes a considerable debt to Sir Napier Shaw 
for the energetic way in which he furthered the study of British 
weather during the years of his directorship of the Meteorological 
Office. Since his retirement he has devoted his energy to 
completing the task of writing a meteorological textbook on a 
more comprehensive scale than has been attempted hitherto. 
Urgent need for facts about the wind led to the appearance of 
the fourth, and concluding, volume of this work during the war 
before the first three volumes had been written. The first 
volume, entitled Meteorology in History, which appeared two 
years ago, was the subject of an essay-review in Science 
Progress for April 1928, p. 686. This year gives us the second 
volume, entitled Comparative Meteorology, which passes on to a 
consideration mainly of our present knowledge of the atmosphere 
over the whole globe, at high levels as well as near the earth’s 
surface. 

It is difficult to select a single item for notice out of an 
almost encyclopiedic volume like the one under review. In 
considering only one aspect of the work, the most obvious one 
has been chosen. A glance through the book shows that 
“ normal ” or “ average ” states of portions of the whole 
atmospheric circulation form the subject of a large proportion 
of the two hundred and twenty-five beautifully executed figures, 
while the pages vre strewn with tabular matter of a like kind. 
In a certain sense it may be said that averages smooth out and 
concel the essential facts about the atmosphere, presenting 
situations which never have and probably never will be realised, 
but although the compilation of averages should not be the 
principal aim of meteorology, they are of immense value. Sir 
Napier has been at pains to collect statistics with regard to 
items not commonly included in the subject, for example the 
distribution of earthquakes, active volcanoes, the limits of 
polar ice in the oceans and the frequency of aurora borealis. 
For more ordinary matters, such as cloudiness, rainfall, pressure 
at sea-level, at 2,000, 4,000, and 8,000 metres, temperature of 
the air near ground-level, temperature of sea surface, there- are 
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generally very clear maps showing ifae elements as isopleths, 
one for the northern and one for the southern hemisphere. 
For the first three items, and for surface temperature, each 
month is considered separately. 

Although this work will probably be consulted most often 
for the immense number of facts recorded in it, theoretical 
matters of great importance are dealt with in the author’s 
characteristically clear way. Thus, cyclones and anticyclones, 
and various theories about them, are discussed towards the 
end of the book. The statistical material is evidently of no 
avail in bringing to light the true causes of thwe phenomena, 
for antagonistic theories can be held by the different schools, 
and which are true and which false can only be found out when 
we possess far more detailed knowledge of the condition of the 
atmosphere at particular instants, and up to considerable 
heights, than we possess even with regard to average states. 
Even the question as to whether some or all of the cyclonic 
depressions that pass across the British Isles so frequently are 
symmetrical whirls at heights of 4,000 metres or more cannot 
be answered at present. 

In the last chapter, entitled " Foundations of Theory,” the 
author seeks to reduce the complexities of the upper atmosphere 
into some kind of order by means of forty-one articles dealing 
with vorticity, resilience, convexion, and so forth. 

The physical ideas involved are in some instances not easy 
ones 'to grasp, and the significance of certain of the articles is 
not immediately apparent; but because parts of the work can 
be followed only by the most advanced students of meteorology 
it should not be thought for a moment that it is not suitable 
for every class of student. The amount that will be learned 
will naturally vary with the mental calibre of the individual 
and his knowledge of physics; the only demand that will be 
made from all alike is the possession of opportunities for pro¬ 
longed quiet study without which the magnitude of the work 
will make it prove overwhelming. 
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She Voimdattoof of Bndidoiii Geometry. By Henry George Forder. 
[Pp. xii 4 - 349.] (Cambridge : At the University Press, 1928. Price 
255. net.) 

Mr. Forder has written a textbook of Euclidean geometry developed logi¬ 
cally and with great care from fundamental axioms. It was well worth doing. 
No such systematic and complete treatment has l)een attempted before, 
though there are several corresponding works, s.g. Veblen and Young, on 
the wider and perhaps more interesting subject of projective geometry. 
The author has naturally made much use of the g^eat work of Hilbert and 
his followers ; and doubtless of the report by Enriques in the Encyklopddie 
der mathematiscken Wisssnschaften, III A, B i, though curiously enough I 
have not discovered a reference to this last. The alienee of any attempt 
at an author index makes it difficult to be quite sure. 

The treatment, after an introductory summary of the logical develop¬ 
ment of non-geometrical work to be used in the sequel, is the familiar one of 
introducing axioms, a group at a time, and seeing how far they lead us. 
We begin with axioms of order, then add axioms of congruence, then a 
parallel axiom, and finally a continuity axiom. Then the edifice may be 
completed. It is also shown that all Euclidean geometry follows from the 
axioms of order, a parallel axiom and a continuity axiom, or alternatively 
from audoms of order, a weaker parallel axiom, a continuity axiom and certain 
axioms of congruence, and that both sets of axioms are consistent and 
coc^lete. 

There are chapters on proportion, on coordinates, on polygons, and 
polyhedra. Finally, there is a sketch of a treatment, due to Fieri, in which 
tbngruence can be taken as the only undefined relationship between points 
and a last chapter on the angle-sum of a triangle and non-Euclidean areas. 

This is emphatically, as the author says, not a book for a beginner, but 
any serious student of geometry will find it of great value as a complete 
logical scheme, though, save for the less formal notes, printed in smaller 
it is rather heav^ reading. 

But what does the author really mean when he says on p. 309 : We 
have thus succeeded in erecting Euclidean geometry on an excessively (ric) 
narrow basis ? F, P. W. 

Vita Oipliar ol Bof«r Bacon. 1^ William Romaine Newbold, edited by 
Roland Grubb Kent, [Pp. xxxii -f- 224. with 32 plates.] (London : 
Oxford University Press, 1928. Price 17s,) 

The evidence that Roger Bacon discovered gunpowder rests upon a phrase 
in his Bpistola de S^creHs, which contains the sentence, " Sed tamen sal petrae 
ftiru vopo vir can u$rut sulpuris; et sic facies tonitruum et coruscationem, 
si sdas artifium.'* It has been conduded that the words Intu vopo vir am 
are in cipher, and Col. Hime decoded them so that the sentence read, 
** But take of saltpetre xo parte, 7 of charcoal, and 7 of sulphur.'* There 
is evidence that Bacon wrote other tracts in cipher and the Voynich Manu- 
mipt te me of these. 


5«5 



5 a6 SCIENCE PROGRESS 

In 191a this cipher manuscript of 1x6 quarto leaves came into the hands 
of Mr. W. M. Vo)i^cb« who was able to trace some of its early history. It 
was probably written daring Bacon’s imprisonment (1277-92), and may 
have remained hidden until the dissolution of the monasteries, after which 
it came, perhaps as early as 1547, into the possession of Dr. John Dee. Its 
cipher would have ba£ 9 ed Dee, who took it with him on his continental 
journeys and made a present of it to Rudolph II at Pr^ue about 1585. 
^e Emperor, altiiough well versed in alchemy and medieval science, was 
nnable to understand the work, and lent or gave it to the director of the 
Prague Botanical Gardens, one Holdicky, or in Latin, Jacobus Sinapius. 
It was probably given to Hot^icky on account of the botanical and biological 
illustratioas it contained. As Hof^icky inscribed in it the signature ds 
Tepenec, a title he received from Rudolph in 1608, it may be presumed that the 
manuscript was given to him between that year and 1612, when Rudolph died. 

Marcus Marci, a scientist of repute and rector of the Prague University, 
most likely secured the volume from Hot^icky, for there is a letter attached 
to the manuscript, dated from Prague, August 19, 1665, written by Marcus 
and addressed to Athanasius Kircher, giving the latter the manuscript with 
the hope that he would be able to make known its contents. In this kircher 
failed, and the subsequent history of the work is not told. 

When Mr. Voynich obtained the manuscript he supplied photographs 
of some of the leaves to French experts and other scholars, but only the late 
IVof. Newbold made any progress in deciphering the work. His clue was 
obtained from a phrase on the last page, namely, michi dabas mulios portas, 
from which Prof. Newbold inferred that the many gates ** indicated that the 
cipher was to be derived from a simplified alphabet of 22 or 23 letters. By 
combining these two at a time 484. or 529. symbols are obtained and they, 
according to Prof. Newbold, constitute Bacon's cipher symbols. Thus, 
fi-de-H-or-um would mean fonus. As this method made the text twice as 
long as the original Bacon omitted doubled letters, so that Unius became 
oritur and not orriittuur, as would be the case if this elision were not practised. 
To meet the dif&culty of writing grammatical cipher Bacon had to assign 
two, three, four, or even more values to his 83rmbois, the needs of the context 
determining which one should be selected. 

From this Prof. Newbold has been able to arrive at the nature of the 
contents of the Vo3mich manuscript. The first and largest section is botanical, 
and in addition to the text includes 123 drawings of specimens. The second 
section, with 26 pages of drawings, is astronomical, the third part contains 
Bacon's original biological ideas, and the fourth contains drawings of flowers, 
firuits, leaves, roots, and pharmacists' receptacles for drugs. 

An examination of the writing under the microscope led Prof. Newbold 
to advance the view that some drawings and letters are made up of separate 
elements, cryptogramic characters, sometimes resembling Chinese and including 
Greek shorthand signs. There seems, however, very little evidence in 
favour of this view, for it requires much imagination to see these characters 
in individual letters, which are too small to contain all the strokes that Prof. 
Newbold has read them. These marks are more likely to be incomplete 
letters from which some of the pigment of the ink has peeled off in the course 
of time. 

But whilst the shorthand cipher may be considered improbable, the letter 
83rmbol8 devised by Prof. Newbold may well constitute the code which will 
unravel the meaning of the Voraicb manuscript. Th$ Cipher of Roger 
Bacon has been edited by Prof. Kent from material left by Prof. Newb<^, 
and Prof. Kent has evidently devoted much time and thought to its arranged 
ment and has also presents an able account of the labours and views a 
Prof. Newbold in attempting to elucidate the meaning of the Voyni^ 
manuscript. J. G. F. Daucs. 
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OpmibMl Mafhodi la Krthemitical Vhytlm. Being No. 23 of the Cam¬ 
bridge Txacts on Mathematica and Mathematical Physics. By 
Harold Jeffreys, F.R.S. [Pp. vii + 99, with 8 figures.] (Cam* 
bridge: at the University Pie^. Price 65. 6 d.) 


This little book will be welcomed for several reasons. It again brings to 
the fore the power and directness of the operational methods devised by 
Heaviside. It is surprising as well as unfortunate that the subject should 
have sufiered neglect at the hands of pure and applied mathematicians alike. 
Why objection should be taken to studying the rules of Q and p in differential 
equations any more than the rules of the ^fferential calculus itself is difficult 
to understand. Doubtless the justification of the method presented too 
many difficulties at the time of its inception. If so it surely comes within 
the province of the pure mathematician to rectify the matter. 

In this connection we cannot wish for any more than is given us in the 
first two chapters of this tract. The first confines its attention to the intcr- 

r tation of functions of the operator which involve only integral powers of 
The author finds it convenient to use the operator Q in formal proofs 


where Q(y) 1 ydx. 




He then justifies its treatment as an algebraic quantity. 


Applying this result to a 83r8tem of differential equations of the first order 
wi& constant coefficients, such as commonly occurs in mathematical physics, 
Heaviside's rule of solution is deduced and also the expansion theorem here 
called the partial fraction rule. Compared with this treatment the ordinary 
method is clumsy and inefficient. Instead of going by definite steps the 
old method guesses at a solution, substitutes the guesses, gets often far 
more in the way of complementary functions, etc., than is necessary, and 
finally becomes very complicated when equal or zero roots occur in the 
deteiminant formed from the equations. 

The form of solution obtained in the linear equation of the second order 
with constant coefficients is, besides being easily obtained, of far more use 
for the purposes of actual calculation than an^^hing the ordinary method 
ever produced. A very useful operation, namely e^P f(x) « f{x -f h), is next 
introduced from which, as Heaviside showed, can be deduced a method of 
expressing any function in operational form. 

In order to interpret such things as fractional powers of the operator 
recourse must be had to two rules due to Bromwich which reduce the problem 
to one of contour integration. The previous results are derived from these 
rules giving results, with r(n + x) replacing n I etc., as would be expected. 
One other result is obtained, the value of where q p^. 

This completes the machinery of the methods. The rest of the book is 
a aeries of standardKjiroblems worked out by means of them. There is also 
a chapter on disper»on, in which the method of steepest gradients is used, 
and one on Bessel functions. After perusing these one is left with no doubt 
as to the advantages of the method. The necessity of having to assume 
adutiona almost disappears, so that if the methods were generally adopted 
It might become possmle to teach dynamics without mystifying beginners. 

A. Morris Cassib. 


Lfi Otemtoia xumHmdUUenna* Par P. Barbarik. Troisi^me Edition suivie 
de Notes sur: La G^mitrie non-euclidienne dans see rapports ayec 
la Physique math6matique. Par A. Buhl. [Pp, 176, with figures 
in the text and 7 plat^*] (Paris: Gauthier Villars, X928. Price, 

15 frs ) 

s this book M. Batbarin gives an interesting and instructive account of the 
tablishment of Lobatschewsky's (or Bolyai's) and of Riemann's geometries. 
There follows a prdiminary dik^ussion of a general geometry, based on 
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tbAt of BucUd, but rotainibg otilr ttiote propositioiis that are true lot can be 
modified so as to be true) in all wee syatema. The development of the idea 
of this general geometry is continued in an introduction to the later analytical 
study of constructions, trigonometry, and mensuration in the three systems. 

Finally, the chief arguments brought against the new 83rstems are reviewed 
and some account given of the representations of the non-£ucUdean systems 
in Euclidean space and vice versa. Ample references to more detailed treat¬ 
ments are given in footnotes, and the interest of the book is enhanced by the 
portraits of Lobatschewsky, Riemann, Legendre, De Tilly and Wolfgang 
Bolyai, which are inserted in the sections of the text dealing with their respec¬ 
tive works. 

In the main part of the book the treatment is elementary, differential 
geometry is absent, and but little indication is given of the projective point 
of view, in which the metrical properties of elements in any one of three sys¬ 
tems appear as relations to a certain fixed quadric (or absolute). The latter 
idea apj^ars, however, in M. Buhl's notes, for he devotes a section to showing 
the connection between Maxwell’s electromagnetic equations and Cayley’s 
theory of the transformations which leave a quadric form invariant. 

Other notes give a brief sketch of the sym^lism used in the developments 
of non-£uclidean differential geometry founded on Riemann’$ famous memoir 
of X834, and of results that have followed from attempts to find anal3rtical 
theories for phenomena of gravitation, light, and electro-magnetism. The 
importance of Stokes’s formulae in this connection is clearly emphasised. 

F. B. 


fttr Isaac Hewton, 1727-lfi£7. A Bicentenary Bvaluation of his Work. [Pp. 

X + 352.] (London : Baillidre, Tindall Sc Cox. Price 225. 6d. net.) 

This book consists of a series of fourteen papers prepared under the auspices 
of the History of Science Society, in collaboration with other American 
learned societies. 

The majority of the papers are written on a particular branch of Newton’s 
work, and its effect on the development of science, by well-known scientists in 
America, e.g. ” Newton and Optics,’’ by Miller ; ” Newton’s Influence upon 
the development of Astrophysics," by Campbell; ’’ Newton’s work in 
Alchemy and Chemistry," by Newell, etc. There are also papers on Newton's 
Place in the History of Religious Thought, his work at the Mint, and an 
account of the work of John Wintbrop, Newton's first critical disciple in 
America. 

The work is beautifully got up, and the print is clear, and restful to the 
eyes. In an excellent pa^^r on '* Newton in the Light of Modem Criticism," 
Prof. David Smith raises some very interesting aucstions, e,g.» " What were 
Newton’s real contributions to world knowledge ? " 

" Was he the hero when he closed the oak at Trinity to open the gate of 
fortune at the Mint ? " 

" Why was he so slow in announcing his scientific discoveries 7 " and many 
others. 

This fills one with eager anticipation to go on with the book to find the 
answers, but, on the whole, one is disappointed, and that, perhaps, because 
one expects too much. 

That Newton betrayed his trust is voiced once more : " That Newton, of 
all men bom upon British soil, should have passed his later years in looking 
after clippers of coin, or in acting as a gatherer in of taxes seems to me parti* 
cularly pathetic " (p. 7). 

Contrasts in his chameter are wdl brought out, e.g., ha loved the solitude 
of a student, and yet abandoned it for a Ihto in the so^ atmosphere of the 
metropolis. He ci^enged a royal decree and later accepted a kni^timod. 
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He dreaded controveriy, and yet, when forced to it, would valiantly assert his 
rights. 

Prof. David Smith's estimate of him reads : " Here was a very human 
being, with human virtues, and human frailties, and yet a succession of 
pLlgi^s continually stand in silent awe before his monument in the Valhalla 
of the British World, and may we not unite in saying that they are justified 
in so doing ? " 

The paths of Newton's discoveries have been so well trodden during the 
past two centuries that the bulk of the material found in these papers is 
already familiar ground to all students of the history of science ; the matter 
has been so well put together, however, that it is worthy of the perusal of all 
serious readers, and its directness and lucidity should make its meaning 
quite clear to the non-scientific reader. 

New light is thrown on certain points; in particular. I would mention 
the paper on " Newton's Twenty-years' Delay in Announcing the Law of 
Gravitation," by Prof. Florian Cajori. The accepted value of the earth's 
radius in England in Newton's time is gone into in great detail, and the evi¬ 
dence for thinking that Newton's delay was due to a wrong estimate of this 
is analysed with great care; his conclusion is that the delay was due to 
theoretical diiOliculties in the earth-moon test. 

The paper on Newton's Chemistry gives a fair amount of scattered in¬ 
formation ; the conclusion is interesting : " His chief purpose does not seem 
to have b^n the transmutation of base metals into fine gold, but rather a 
diligent search for a great principle which would transform disconnected 
phenomena into a philosophic system." There is a certain amount of over¬ 
lapping in these papers, but no more than one would expect from the nature 
of the case. This book is a sane appreciation of a man of genius by men 
capable of judging his great work. 

J. R. Morgan. 

AjnratovoMT. 

Aftmnomy tnd Oosmogony. By J. H. Jeans, M.A., D.Sc., LL.D., F.R.S. 

[Pp. X + 420.] (Cambridge : at the University Press, 1928. Price 

315. 6d.) 

Since the publication ten years ago of Problems of Cosmogony and Stellar 
Dynamics, Sir James Jeans has been continuously engaged in probing still 
more deeply into the mysteries surroundii^ the constitution and evolution of 
the various classes of astronomical bodies and systems; these researches 
he has woven into a connected story in the handsome and imposing volume 
under review. The book opens with a chapter on " the astronomic^ survey 
of the universe," which for clearness, compactness, and completeness could 
hardly be surpassed^v^The second chapter on the light from the stars is 
an admirable account of the ph3rsicai and mathematical principles required 
in interpreting the observations of the radiation emitted by the stars, llie 
next chapter deals with gaseous stars partly following the lines developed 
by Eddington. It wiU be remembered &at in Eddington's theory of gaseous 
stars, the product of the opacity coefficient and the average rate of genera¬ 
tion of energy within the star are taken to be constant; this Jeans regards 
as a special case in a wider survey of the problem. The author abandons 
the concept of a purely gaseous star in which the pressure is given by Boyle's 
law, for ms calculations lead him to the conclusion that the cap^ty of the 
•stellar atoms for stopping radiation demands that the atomic weigh'to of the 
stellar elements 1 m some hundreds or thousands of times the atomic 

weight of h3rdrogen-*--dlearly very improbable values. Reconciliation 
between the opacity and reasonable values of the atomic weights is effected 
by supposing that the deviations from Boyle's law are so great that the 
sMlar mateiid forming the core of the star is in a liquid cnt semi-liquid 
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ttato. In Chaptar IV the author consideie the source of stellar energy 
and shows that the supply must result from the annihilation of the stduur 
atoms themselves. The stability of stellar structures is examined; two 
conditions for stability are n6oe88ar3^->*the firsts that the atoms must liberate 
their energy spontaneously, not only by transformation into other atoms, 
as in the case of the radioactive elements, but by complete annihilation as 
well: the second, that as terrestrial atoms do not behave in the way just 
indicated the stellar atoms forming the core must be super-radioactive ** 
with atomic numbers greater than 92 (the atomic number of uranium). 
In Chapter V—on Liquid Stars—Jeans develops his arguments and com¬ 
pares his theoretical results with observation. Briefly, the white dwarfs are 
regarded as stars in which the atoms are stripped bare of electrons right 
down to the nuclei; the stars of the main series have their atoms reduced 
so that only the K electronic ring remains; in the giant stars the atoms 
maintain a greater complexity as ionisation still leaves the K and L rings 
intact. His theory allows him to partition off a Russell diagram into regions 
of stable and unsibible configurations, and it is this theoretical diagram that 
is superposed over the observed Russell diagram displaying the absolute 
magnitudes and spectral types of 2,100 stars of the Motmt Wilson spectro¬ 
scopic parallax programmeg The fit is made as close as possible by assigning 
definite values to certain constants in the equations; from these values, 
Jeans concludes that the stellar atoms have atomic numbers of about 95. 
Chapter VI contains Jeans's theory of stellar evolution. Perhaps it is more 
profitable to quote one of the author's many delightful descriptive touches. 

The evolution of the stars must no longer compared to the steady march 
of an army through a perfectly flat featureless plain, but rather to the move¬ 
ments of an army scrambling down, and possibly at times up. a succession 
of terraces. The different terraces are the bands of stable configurations 
[in the Russell diagram already mentioned] which correspond to the jamming 
of atoms ionised down to different rings of electrons. A star stands on the 
terrace corresponding to one ring, and then, stepping on^to the slippery 
unstable region between this terrace and the next, drops down to the next 
lower terrace—from the giant branch to the main sequence, let us say.'* 
The next three chapters are devoted to the difficult mathematical theory 
of the configurations of liquid and compressible gravitating masses rotating 
as rigid bodies. Chapter X—" The Rotation and Fission of Stars "—contains 
Jeans's beautiful theory of the effect of radiation within the star on the 
rotation of its different layers. As he puts it: " The transmission of radia¬ 
tion has so braked the rotation of the outer layers that they have been 
reduced nearly to rest and may rightly be regarded as slowly rotating veils 
drawn round the stars, conc^li^ the more energetic rotations within." 
The following six chapters deal with a diversity of cosmogonic problems too 
numerous to mention; but some idea of the subjects discussed may be 
discerned from the chapter headings: Evolution of Binary S3^em8; The 
Ages of the Stars; The Great Nebula; Variable Stars; The Solar S3r8tem. 
The concluding chapter is a masterly summing-up of the subject-matter of 
the book. It ma^ be mentioned that the only important class of celestial 
object not dealt with in the book is the class known as " Nova," or temporary 
stars. 

Sir James Jeans's volume is a magnificent survey of the great probtems 
of the universe, and he de8m*ves the wannest congratulations of the scientific 
world on his achievement. It is perhaps not to be expected that all his 
theories—in particular, those deaung with liquid stars, stellar evolution, 
and Cepheid variation—will rally the whole of the astronomical world around 
his banner, for rival theories are also strongly in the field. The author, 
of course, discusses the latter in relation to his own theories, and defends 
his own points of view with great vigour. The descriptive parta Of the 
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book am delightfully w ri tte n and should commend themselves to those udio 
will prefer to pass over the mathematical analysis. The book, which is 
beautifully illustrated with astronomical photographs, must assuredly act 
as a poweriul influence in stimulating research in the paths so skilfully tr^den 
by its gifted and distinguished author. W. M. Smart. 

A Ouide to the Constellations. By Samuel G. Barton, Ph.D., and Wm. H. 
Barton, Jr., C.E., M.S. [I^. 74, with 16 charts and 5 figures.] 
(London : McGraw-Hill Publishing Co., 1928. Mce 12s. 6d.) 

This work contains a set of excellent charts of the constellations visible in 
the United States—the charts are constructed for the latitude 40® N.. that 
of Philadelphia—^together with supplementary charts of the southern circum¬ 
polar constellations. The authors have limited the range of stars to those 
as faint as visual magnitude 4*5 ; thus the charts are not overburdened 
with details. In the various charte, too, they have taken account of atmo¬ 
spheric absorption, so that by adopting this plan, they show the stars as 
they are seen at the particular date and time indicated on the chart. Opposite 
each chart is a list of the brightest stars (brighter than magnitude 1*5) ; 
as this list never contains more than ten stars, it seems a pity that the names 
of these stars are not given, in the charts themselves, in a type different 
from that in which the names of the constellations are printed, as they 
would serve as admirable reference points for those beginning the study of 
the heavens. The explanatory matter, dealing with the simpler ideas of 
elementary astronomy, is well written, and should prove interesting and 
useful to the student. A bibliography and a comprehensive index add to 
the value of the book. 

This work has many merits, and it is warmly recommended. 

W. M. S. 

HuEo^PouOlets Ldurbuoh der Phytik. 11 Auflage. Bd. V-Zweitc Haifte. 
Physik des Kosmos. By P. ten Bruggencate, R. Emden, K. 
Graff, T. Hellerich, J, Hopman, H. Kienle, E. von der Pahlen, 
C. WiRTZ, and edited by A. Kopff. [I^. xii + 595, with 139 figures 
and 14 plates.] (Braunschweig: Friedr. Vieweg & Sohn Akt.-Ges., 
1928. Aice R.M. 36 (stitched). 39.50 (bound).) 

This is a comprehensive work embracing almost every department of 
astronomy and astrophysics; celestial mechanics, with its vast literature 
and extensive ramifications, is outside the scope of the volume, but with 
this exception there is very little in modem astronomy that does not find a 
place in these pages. It is inevitable that the treatment of many of the 
subjects with which volume is concerned cannot be pursued with the 
same amount of detail as in the treatise of a specialist (this applies more 
particularly to those departments of astronomy that require a precise and 
often long mathematical exposition); but the authors have achieved con¬ 
siderable success in la^ng bare the essential features of the particular problems 
of this nature and indicating the lines of development pursued by the various 
specialist workers. The chapters dealing with general practical methods, 
with the details of the many instruments now in the service of astronomy, 
and with the tabulation and interpretation of observational results, are 
fully and clearly written. 

me volume is divided into three sections: {a) the general foundations 
and methods of astrophysics; (6) the detailed results of astrophysical 
research; and (c) cosmogony. In the first section are three chaffers on 
the fundamentsd Ideas of astronomy, on astronomical instruments and 
observational methods, and on the internal constitution of the stars. The 
seoemd section occupies about three-fifths of the volume and deals exhaustively 
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with the snn, with the bodies of the solar system, wlih the qpedara, oototua, 
fhodons, distances, diameters, masses, and physical structme of l^e staxs, 
with double and variable stars, with stellar clusters and nebulas, and with 
the structure of the galactic system. The third section (on cosmogony) is 
descriptive in character, and although rather brief, gives a good account of 
the historical development of cosmogonic and evolutionary ideas since the 
time of Kant. The volume closes wi-Qi an account of relativity theory. 

The value of the book is enhanced by fourteen plates containing photo* 
graphs of celestial objects, and by a large number of figures in the text, many 
of which are reproductions of photographs. Of the latter may be mentioned 
Fig. 105, showing the positions of 249 small non*galactic nebuhe in a region 
of the sky a little more than a quarter of a square degree in extent. Of 
historical interest is Fig. 123, a reproduction of Kapteyn's earliest pictorial 
representation of the phenomenon of star>streaming, described at the meeting 
of the British Association in South Africa in 1905. 

The editor and his collaborators must be congratulated on producing a 
volume, almost encyclopaedic in its range, that embodies so admirably the 
combined qualities of a textbook and work of reference. W. M. S. 

rmtoM 

tbniOB In Medical Radiology* By S. Russ, D.Sc., L. H. Clark, Ph.D., 
and D. H. Walters, M.Sc. [Pp. xii + 234, with 72 illustrations.] 
(London : Chapman & Hall, 1928. Price 125. 6d. net.) 

About eight years ago a Diploma in Medical Radiology and Electrotherapy 
was instituted at Cambridge University and very shortly afterwards the 
Universities of Liverpool and Edinburgh took the same step. The institu* 
tion of the diploma emphasised the important part radiology plays in medicine 
and at the same time it recogimed the need for a definite course of training 
in the subject by the radiologist. The syllabus, proposed at the time and 
still adher^ to, covers a wide field ; the first part of it deals with the physics 
of the subject, and the second part comprises the medical aspect of radiology 
and electrology. The present volume is written with a view to covering the 
first part of the syllabus. The authors are well equipped for the work, having 
had some years* experience in teaching physics for the diploma course. 

The science of medical radiology is based on physics; we may almost 
say that it is as much a part of physics as of medicine. It ia a science which 
faiite into the avenue between these two branches of science, each of which 
is extensive in itself and an intimate knowledge of both is within the reach 
of but a few. The problem confronting the authors was to supply medical 
men with a suSdent amount of information about the physics of radiology 
to enable them to turn with confidence to their apparatus and to understand 
the physical phenomena underlying their work. At the same time they were 
to present the subject without assuming much knowledge of xnathematica 
on the part of the reader. The authors have undoubtedly been successful 
in their task, for here we have a volume in which the reader may find pre^ 
sented in simplest form a concise, clear, and accurate account of the funda* 
mental physical principles underlying medical radiology. 

The first seven chapters in the book deal with electrostatics and the 
electrical conductivity of gases, leading on to the production and the pro* 
perries of X-rays together with the measurement of X-ray intensity. In 
the chapter on Electromagnetic Waves due place is given to the properties 
of ultraviolet radiation, treatment by which has been emphasised and 
investigated in recent years. The most modem advance in our knowledge 
of X-ray wave-lengths from crystal analyris is lightly touched upon m 
Chapter VII. This is essential for tiie proper undeistanding of the measure* 
ment of the quafity of X*ray beams with such instruments as the Seemaitn 
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motrogpraidi, to which reference is made in the book. The next three chapters 
dml vfittx radioactivity and contain valuable information concerning dosage 
in radittm*therapy. A useful chapter follows on photo^aphy. It deeds 
with light and X-rays and is of importance to the radiologist who wishes to 
perfect his technique. The remaining chapters (XII to XVII) deal with 
electric motors* alternating current circuits* and high-tension generators* 
together with high-frequency and diathermy currents. A chapter is devoted 
to the different t3rpe8 of electrical measuring instruments employed in 
radiology. 

Two appendixes appear at the end of the book. The first contains the 
full text of the recommendations of the X-ray and Radium Protection 
Committee* and the second* an excellent description of a ** Hospital Radium 
Service,'* l^ing a reprint of a recent paper by Russ and Somerset in the 
British Journal of Radiology, These two appendixes are of value to the 
radiologist* and it was a wise choice on the part of the authors to include 
them in the book where they are at hand for ready reference. 

The book is well printed on good paj^r. The diagrams throughout are 
simple and well drawn. There is a go^ index. 

We can heartily recommend the book to radiologists. The volume 
contains a fund of valuable information necessary for their work, and is 
presented in a very lucid manner. Not only will the book be welcomed by 
those who are directly concerned with the examination for the diploma, but 
we feel it will also be acceptable to all who serve in the wide field of medical 
practice. E. A. O, 


Ckmxi d'ilaotrioiM Khtoriane. By J. B. Pomey. Tome II. [Pp. 373, 
with 51 figures.] (Paris : Gauthier-Villars et Cic. Price xoo fcs.) 

TKs first volume of this work was published in 1914. and contains a general 
theoretical account of electricity and magnetism suitable for advanced 
students. The greater part of the present volume is devoted to the propa¬ 
gation of signals along wires, a subject on which the author is well quahfied to 
write, since he is chief engineer des Postes et T^Wgraphes. Unlike the great 
numl^r of books appearing at present on telephony* power transmission* 
etc., this one is not merely a collection of practical instructions with examples. 
Hie author aims at a theoretical account which will bring out the desired 
results with as little trouble as possible* but which will be at the same time 
cemsistent and logically deduct from first principles. Such a treatment 
has always proved difficult from the mathematical standpoint, and Pomey 
is to be congratulated on the elegance of the methods he uses* many of which 
ate original. 

The ordinary equSrtions connected with the flow of electricity along 
wires were deduced in the first volume. The second begins with the equations 
appropriate to the submarine cable* i,e, where leakance and inductance are 
not appreciable. The method of solution is virtually that of Heaviside's 
operational calculus, but the somewhat empirical nature of the latter is 
ODviated by recourse to the now well-known process of contour integration. 
After considering various states in the cable itself* different expressions 
for the current St the receiving end are discussed with the help of certain 
relations which Ihe author has shown to exist between these and elliptic 
functions. In order to solve the telegraph equations* in which leakance ai^ 
inductance can no longer be neglected* the ordinary method of forming 
a propagation equation from the current and potential equations is given up 
in favour of the method developed by Poincar^. This consists in applying 
the equations of the electromagnetic neld to the space occupied by the wire 
and t£at surrounding it. In tw way it is possible to obtain a Bessel equation 
lor the vector potmmal In these two spaces. Telephone conditions wul not. 
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however, submit to this novel method of treatment quite so easily, and the 
author reverts to the consideration of the equations of propagation and 
derives the propagation constants in the ordinary way. In solving the 
equations the author uses a very ingenious method due to Aguillon which, 
with the help of Lagrange's formula for the reduction of a multinomial 
surd, gives the values of a and 3 (the wave-length and attenuation constants) 
in the form of infinite series in R, C, L. S and j. Thereupon follows a treat¬ 
ment of the important question of reflection at junctions or discontinuities 
in the cable constants. There is also a chapter on the calculation of such 
Constanta as the various end impedances in which the author replaces the 
usual hyperbolic table methods by making measurements on a logarithmic 
spiral. 

’ The theory of artificial lines is next dealt with at considerable length. 
In stud3dng these, diflerent authors have used diflerent characteristics as 
the means of identification and comparison with actual lines. The subject 
is, of course, an important one, since the success of laboratory tests in pre¬ 
dicting how a real cable will behave depends upon it. To facilitate and 
unify matters the author attempts to express all these various characteristics 
in terms of a quadratic function of the currents or potentials at the sending 
and receiving ends; obviously a very satisfactory method. He also deals 
with the equally important subject of electric filters as developed by K. S. 
Johnson and M. Lange. A summary account of loaded lines and the theory 
of the telephone completes this part of the work. 

The rest of the book rather lacks design, and except that the subjects 
chosen are of more or less interest to those engaged in telegraphy and to 
some extent in the mechanism of the aether, there is no reason why a hundred 
and one similar topics might not have come under the title of theoretical 
electricity. These chapters are, however, extremely well written and form 
excellent complete summaries in themselves, as, for example, the one on the 
propagation of electromagnetic waves. 

As a whole, the work is more mathematicad than descriptive, and the 
author makes free use of the extremely helpful process of applying dynamical 
forms, such as Lagrange's equations, to the solution of efectrical problems. 
At the same time, things likely to give results of practical value axe cared 
for first. The writing has, too, that logical directness and lucidity of so many 
French authors which make easy and interesting reading. 

A. Mokris Cassis. 

Fhyiiof for Ckdlege Students. By A. A. Knowlton, Ph.D., Professor of 
Physics, Reed College. [Pp. xix -h 641, with 437 illustxutions.] 
(London : McGraw-Hill Publishing Co.. 1928. Price i8s. 9<f. net.) 

Thb object of this book is to present a course of elementary physics in such 
a form that it will be attractive to a student, whether he is forci^ by profes¬ 
sional requirements to acquire a knowledge of physics or not. The author, 
when teadiing physics in an engineering college, felt no particular necessity 
to emphasise the objects of a course of study in ph3^ic8 to hia students, but 
on appointment to an arts collie, where the students apparently had free 
choice of subjects for their curricula, he was forced to consider the teaching 
of physics in an entirely diflerent light. He found it necessary to teach 
physics from a humanistic rather than from a technical standpoint, and this 
Ex>ok shows the ^neral lines along which he proceeded. The familiar 
division of the subject-matter into distinct branches such as heat and light 
is not found here, and a rather unusual amount of modem physics, such as 
radioactivity, X-ray spectra, and relativity, is included in the course. Ihe 
essential pnndples of physics are described in short chapters, each intended 
to be read at one sitting without undue fatigue to the student, and room is 
found for the large amount of modem physics by some omisrion of the 
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detaription of claasical lactore apparatua, and laboratory meaanre- 

ments. Each chapter tk completed with a summary, a set of problems, 
and, usually, a list of references for further study. Incidentally, a certain 
amount of description of classical experiments creeps into the problems; 
for example, we find a diagram of Rowland's apparatus for the determination 
of the mechanical e^ivalent of heat in a problem at the end of a chapter 
** On the Nature of Things." 

The book is exceedingly weU printed and illustrated, and will be of 
interest to all teachers of physics who have tried to make physics appeal to 
students who have no particular aptitude or desire to study the science, 
although they will prolmbly not deem it necess^ to cease to follow the 
traditional division of the subject-matter into distinct sections in order to 
make it more interesting. L. F. B. 

0XBMZ8TBT. 

Ohemioal Affinity. By L. J. Hudleston, M.C., B.Sc., A.I.C. [Pp. vi + 132, 
with 5 figures and tables in appendices.] (London; Longmans, 
Green A Co. Price 7s. 6d. net.) 

A VERY satisfactory feature of the progress of physical chemistry is the 
emergence of thermodynamics from a phase of subtile abstraction into a 
state in which it is proving of constant service to physicists and chemists. 
The development of the ideas now embodied in the " third law has helped 
to bring this about, but we should not be witnessing this revival were it not 
for the work of collecting and standardising numerical data of which G. N. 
Lewis has been the focus. No book on this subject surpasses Lewis and 
Randall's Thermodynamics where a comprehensive treatment is desired, 
but this work is long, and requires considerable time and mental exertion 
for its proper assimilation. There must be many who are unable to devote 
much ume to the subject, but would nevertheless be glad to learn sufficient 
to enable them to take advantage of the aid that m^em thermodynamics 
can give in surveying research problems. To such Mr. Hudleston’s little 
book can be warmly recommended. 

The first two chapters serve to introduce the reader to the concepts of 
energy and entropy. The treatment is lucid, and calculated to hold the 
attention of the reader. The only point in ^is section which is open to 
criticism is the promulgation of the idea that heat entering a system resides 
there as " thermal energy." The introduction of yet another term into 
thermodynamic nomenclature is in any case to be deplored, and this one is 
likely to lead an unwary reader into the pitfall of unwittingly assuming that 
in a complete cycle of operations the net heat exchange between a system 
and its surroundings is zero. 

In the next three cl}|ipters the author considers free energy, solutions and 
the third law. We have here a skilful condensation into 70 pages of 300 
pages of Lewis and Randall. The shortening is mainly achieved by an omission 
ii all finer points, with the result that the main theme stands out clearly. 

In the last chapter, as the author tells us in his preface, lies the purpose 
of the book. Here, by means of some score of well-chosen examples, the 
way in which thermodynamics can assist research workers in surveying their 
problems, estimating the most favourable conditions for experiment and 
studying the possibility of disturbance by side reactions is ably illustrated. 
In one particularly interesting example, the hydrolysis of silicon tetrafluoride 
is discussed. It is found to be a case in which the affinity (»RT/nK) of the 
reaction is increasing with temperature, but so slowly that /nljl is actually 
decreasing, and approaching asymptotically a finite limiting value. Thus 
we axe to expect hydrolysis to be encouraged by raising the temperature, 
but at no temperature will it approach completion. 

R. K. SCBOFtBLD. 
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Otkmkm aaA BihM FwMitWi A Gmml Dlicmioii hdd by the Ftatidfty 

Society, November tgzy. [Pp, 130, numenms figomO (Loedte: 

Gtireey A Jackson, ]Moe xos. 6^.) 

In Nature around us there is a perpetual state of internal conflict. Thermal 
agitation which is for ever urging the ultimate particles of matter to separate 
from one another has always to contend with their innate tendency to cluster 
together. In the three states of matter the protagonists have diflerent 
fortunes. In gases and vapours, thermal agitation is victorious, though 
cohesion has sufficient influence to prevent tlm state from bemg perfect.** 
In liquids the battle is indecisive, and it is for this reason that this state has 
proved so difficult to investigate quantitatively. In solids, however, cohesion 
has the upper hand. Thus, as is to be expected, the Idnctic theory has 
mainly been advanc^ by studying gases; while the study of solids seems 
likely to lead to a more exact knowledge of the nature of cohesion. The 
study of solids has been revolutionised by modem views on atomic structure 
and by X-^ray examination of crystals. This has necessitated an entirely 
new start in the study of cohesion, which promises to bear fruit in the near 
future. 

Of the papers contributed to the Faraday Society's discussion under 
review one by A. F. Joff6 of Leningrad is of special interest. An account is 
given of experiments designed to trace the cause of the discrepancy known 
to exist between the cohesive strength of a rock salt crystal, as determined 
by the usual experimental methods, and that which, according to Bom's 
calculations, is to be expected of an ionic latice held together by electrostatic 
forces. Evidence is submitted supporting the view that, unless speual pre- 
cautions are taken, premature failure occurs due to the growth of cracks 
originally present at the surface. The discrepancy between the electric 
field found to cause a breakdown of a rock salt crystal and that calculated 
by Bom is also considered. This leads to expenments on very thin layers 
of dielectric which, besides throwing light on the point at issue, are likely 
to have practical application. No one reading the paper can fail to be 
impressed by the experimental ingenuity of the author. 

Prof. Masson makes a timely contribution to the discussion in which 
attention is drawn to facta which show that cohesion of the Van der Waals 
type is diflerent m kind from that made manifest by chemical action. Prof. 
Lc^ard-Jones and Miss Dent, in the course of a mathematical paper, surmise 
that Van der Waals attraction between electrically neutral atoms arises 
because each is polarised in the presence of others, and the temporaiy dis« 
tortion of the electronic shells gives rise td an attraction. The complication 
presented by the cohesion in a cr3r8tal latice is evident when it is realised 
that Van der Waals attraction, electrostatic attraction and co-valent linkage 
(electron sharing) may all operate simultaneously. A number of authors, 
including Mr. N. K. Adam, consider the phenomenon of adsorption. It is 
generally concluded that Van der Waals attraction is not in the main respon^ 
sible for adsorption. 

While cohesion is the principal topic of discussion it is natural that some 
attention should be devoted to the force which prevents atoms from mter<> 
penetrating one another. Prof. Masson points out that, since a mixture of 
ethylene and oxygen is stable in the absence of activating agents, the repulsive 
force which causes an oxygen molecule and an ethylene molecule to separate 
again after encounter must xneveht an approach close enough to cause the 
internal upset that would lead to chemical action. It follows that activation 
must cause the mutual repulsion to be overcome. The importance of con* 
sidering intermolecular repulsion, now that we no longer think of molectiles 
^ resembling billiard-balls, is also brought out in a paper by Prof. Richards^ 

A number of papers axe devoted to a consideration of cohesion in ffiietalA 
The study of large single crystals Which has been so fruitful naturally flgmue 
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pikuiiilieiitly. The question of the part played by the interior of the crystals 
and the crystal boundaries respectively in the strength and difterent types of 
failure in metals is discussed, and a number of views are expressed. The 
di^&culty of this subject is illustrated by the fact that Prof. G. 1 , Taylor is 
unable to make up his mind whether a small or large shearing force is required 
to cause all the atoms in one plane of a perfect crystal to slide over the atoms 
in a neighbouring parallel plane. K. K, Schofield. 

Badkh^ements as Indicators* and other Selected Topics in Inorganic 
Chemistry. By Fritz Paneth, University of Berlin. [l*p. 164, 
with 17 figures and 28 tables.] (London : McGraw-Hill Publishing 
Co., 1928. Price 125. 6d.) 

Isotopes, though they can be separated by certain physical means, as in the 
mass spectrograph, do not become separated in any chemical reaction. 
When, therefore, a trace of thorium B is thoroughly mixed with a lead salt 
in solution, and potassium chromate is added, the thorium B and lead atoms 
being isotopic will be mixed in a uniform ratio throughout the precipitated 
chromate. If, after washing, the precipitate be shaken with water in a 
thermostat so as to form a saturated solution, the ratio of the activity of the 
solution and residue as found by an electroscope will give the ratio of the 
amounts of thorium B present. But the ratio of lead and thorium B is 
unalterable by chemical means, and ^ust therefore be the same in solution 
and residue. Thus the electroscope reading gives the ratio of the amount 
of lead in the solution to that in the residue. That in the residue can be 
fouild by weighing, and hence the solubility of lead chromate, immeasurable 
by ordinary analytical methods, has been determined. A similar method can 
be used to demonstrate the fact that the particular atoms or radicals assumed 
to be liberated by electrolytic dissociation do not retain their places in given 
m<4ecules, but are free to move back and forth from one place to another. 
Thus on mixing equimolar amounts of lead chloride and radio-chernically 
sensitised lead nitrate in solution, and allowing lead chloride again to crystal¬ 
lise^ the latter is found to be half sensitised by comparison with the original 
nitrate. No such effect is found with lead chloride and lead tetraphcnyl in 
pyridine, showing that the lead tetraphenyl does not dissociate. By a some¬ 
what less direct, but very ingenious, method based on the use of radioactive 
indicators, independent evidence is obtained in support of the view that 
true adsorption takes place in a monomolecular layer. 

The above are only three examples of the uses to which radio-active 
indicators have l>een put by Hevesy, Paneth, and co-workers. These and 
many others are set out in the work under review, which is the substance of 
a course of lectures delivered at Cornell University under the George Fisher 
Baker Non-Resident Lactureship in Chemistry. Radio-chemistry in general 
and other selected are also touched upon. The introductory lecture is on 
Ancient and Modern Alchemy. In it the author makes a plea for a more 
S3mnipathettc attitude towards Aristotelean philosophy than that usually 
,accorded it in modem scientific writings. The praise given to Robert Boyle 
cannot fail to please the English reader. 

Discussion of " The Group of Volatile Hydrides ” and of The Natural 
System of the Chemical Elements is also included in the lecture course. 
The author's discovery and isolation of the volatile hydride of tin doubtless 
prompted him in his choice of the former topic. The classification is very 
thorough and painstaking, and is likely to prove of value in the development 
of the theory of molecular structure. The natural system of the chemical 
elements is treated on a broad basis. The relative advantages of using the 
short and long periods as the basis of the periodic table arc gone into. Finally, 
the euthor considers the question as to whether more than ninety-two elements 
exist on the earth. R. K. Schofi£i.d. 

35 
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Mathematical Pr^Muratim tor Pbffioal Gheniiilnr. By Fahiunotoh 
Danibls, Associate Professor of Chemistry, University of Wisconsin. 
[Pp. X -f 308, with 65 figures.] (London: McGraw-Hill Publishing 
Co., 1928. Price 15s.) 

Many a student selects chemistry rather than physics as his principal subject 
because he knows himself to be weak in mathematics or because he has no 
inchnation to study the subject. Embarking on chemistry thus, he is 
certain to find his lack of mathematics a difficulty when dealing with physical 
chemistry. This is a greater pity than he knows ; because it in all probability 
leads him to neglect what is not so much a branch of chemistry as an aspect 
of chemistry. His bias towards the synthetic and analytical side inevitably 
prevents him from obtaining a true perspective which is the most valued 
result of all scientific study. And all this is due to lack of mathematics. 
There are doubtless some who, in spite of earnest effort and good teaching, 
seem unable to acquire any mathematical facility. There are others who 
equally lack the facility, but do so from a lack of opportunity rather than a 
lack of aptitude. To one in this class who has decided to make a serious 
study of chemistry, and who is unable to attend a regular course in mathe¬ 
matics, Dr. Daniels's book should prove helpful. In particular if he should 
have to undertake his $tudy of mathematics without other guidance, he may 
feel sure that in studying this book he is not s{>ending valuable time in 
mastering parts of the subject which will not be of direct use to him. 

The thought of anyone studying mathematics merely as an aid to chemistry 
will no doubt be pairiful to those who have grown to appreciate mathematics 
for its own sake. But the state of a student who requires such a book as 
this is desperate, and even a mathematician must agree that it were better 
that he should master a few branches selected for a utilitarian purpose than 
that he should remain as he is. 

The book has many attractive features. The constant use of graphical 
methods is well suited to its purpose. The presentation of the properties 
of the exponential is well carried out. A bold attempt is made to lay bare 
the mysteries of the partial differential coefficient winch is so important in 
thermodynamic chemistry. 

Besides being a book that some students would do well to buy, it is one 
that will be a valuable addition to our libraries. Probably the majority of 
our students will be acquainted with much that is in it, but will be glad to 
have it at hand for reference. R. K. Schofield. 

Elementary Praetioal Phystoal Obemiftry. By Frank Sherwood Taylor, 
M.A., B.Sc, [Pp. xi + 130, with 51 figures and tables.] (Oxford: 
at the Clarendon Press, X928. Price 35. 6 d, net.) 

The author gives us in this admirable little book the benefit of his experience 
as chemistry master at Gresham's School, Holt, It is intended for the use 
of the advanced classes in schools and the first year classes of the universities. 
The fact that, while writing the book, the author has been in close touch 
with a university teacher in the person of Mr. D. L. Hammick of Oriel College, 
Oxford, is a guarantee that it really is suitable for university students and is 
not merely what a schoolmaster thinks university students ought to do, 
which is sometimes very different. The lack of agreement between school 
and university teachers as to bow a boy studying science can most profitabfy 
spend his time is one of the least satuffactory features of education in this 
country. It is therefore very satisfactory to have a textbook which is the 
outcome of co-operation bet^^n the two. 

A detailed description is riven of some sixty experiments. The branches 
of riie subject which they illustrate include the ionic hypothesis, reaction 
velocity, the phase role and colloids, in addition to the more usual stock^n*- 
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trade. Considerable condensation in many of the theoretical explanations 
has been necessary in order to keep the book small. The student is certain 
to be at sea unless a preliminary account has been given by the teacher. 
The text should, however, be perfectly comprehensible if the ground has 
been prepared. 

The apparatus described is all of a simple nature, and can readily be 
assembled from the stock generally available in a school laboratory, provided 
the teacher can manage the simpler operations of glass-blowing. The low 
cost of the book will recommend it as one to be put in the hands of the boys 
as well as on the desk of the master. K. K. Schofield. 

Old Chemistries. By Edgar F. Smith. [Pp. xi + 89, with 32 plates.] 
(London : McGraw-Hill Publishing Co.) 

The author describes some twenty-seven early textbooks of chemistry, 
published chiefly during the latter part of the eighteenth and early part of the 
nineteenth centuries, with the object of bringing to the attention of American 
chemists the story of chemical books used for instructional purposes in the 
early days of the United States. Within the limits of the size of the book 
and its special object the ground is fairly adequately covered. The author 
attempts in a short space to indicate the views of the writer of the textbook 
and the influence the work had upon the advance of chemistry. In so doing 
he has made a valuable contribution to the history of the science, since at 
the period under review such books were the general method of disseminating 
knowledge of chemistry. The principal criticism one can offer is that a 
much more exhaustive treatise would have been welcome; unfortunately, 
chemists can no longer look to Prof. Smith for such a labour of love. 

The book is well printed and contains many excellent whole-page portraits 
of famous chemists. O. L. B. 


Ab«ig«Aaerbaoh» Handbuoh der anorganiiohen Cbemie. Band XV, 3, 
erster Teil. Edelgase, by Dr. Eugen Rabinowitsch. [Pp. xii 4- 
522, with 50 figures and 232 tables.] (Leipzig: S. Hirzel, 1928. 
Price 45 M.) 

Abbgg's Handbuch requires no introduction to the chemist and its high 
standard is fully maintained in the present volume on the Inert Gases. The 
ph3rsical-chemical approach to inorganic chemistry was the outstanding 
feature of Abegg's original plan, and since the Inert Gases can be dealt with 
only from this aspect one naturally expects an excellent account of them 
in this handbook or, perhaps more correctly, series of monographs. The 
author has not disa]^)^inted us. The usual arrangement is adopted, informa¬ 
tion is collected in many tables, and the subject-matter is fully referenced. 
Treatment is exhaustive, and Rayleigh and Ramsay in 1895 could have little 
thought that in some thirty years a book of this size would be necessary to 
describe the results of their discovery. O. L. B. 

Cnmloal Baoyolonmdii. An Bpttomised Digest of Chemistry and its Ii^ns- 
trill Applieationi. By C. T. Kingzett, F.I.C, Fourth Edition, 
[Pp. viU + 807.] (London; Baillidre. Tindall & Cox, 1928. Price 
35r. net.) 

The preparation of a digest of chemistry and its industrial applications in 
a veriume of some 800 pages is a formidable task, and the claim of the author 
that he has done so can hardly be substantiated. He has, however, collected 
in a concise form a large amount of Information on chemistry, particularly 
of the kind often requi^ at short notice by those who deal with chemical 
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p^ucts and procesies without themselves being professional chemists* 
To 8uch» the book will be of great value* and were it but used by those 
responsible for many of the articles about chemistry in the hew^apers* 
chemists would be deprived of some mirth but the public might acquire more 
understanding. To the expert, the most useful feature of the b^k is the 
description of articles disguised under trade or proprietary names. 

Although the author claims to make the work a “ bibliographical clearing¬ 
house/' in this he has not been very successful, many of the comparatively 
few references being to unimportant articles; if he had succeeded in his 
object the book would have been of much greater use to chemists. The 
information is generally accurate, but the author appears to adopt a some¬ 
what sceptical attitude towards much of the modem work, witness the 
following quotations. Isotopes, a term introduced to explain the alleged 
existence of very nearly allied but apparently non-separable forms of some 
chemical elements." " According to Ramsay, the fractional distillation of 
argon yields traces of other gases having distinct spectra, and to these he 
gave the names Neon, Xenon, and Krypton." The necessity for conciseness 
sometimes results in extraordinary statements; speaking of Neon, it is said 
that " vacuum-tubes charged with the gas and electricity produce a brilliant 
red light. The gas has a considerable penetrative power, and is used to some 
extent in landing lights . . . and picturesque advertisements." 

O. L. B. 

A Guide to the Literature of Chemistry. By £. J. Crane and Austin M. 

Patterson. [Pp. v -f 438.] (tendon: Chapman Sc Hall, 1927. 

Price 25s. net.) 

A COMMON error among students of chemistry is to think that when they 
have obtained their first degree they are fully equipped for their profession. 
Few realise that a knowledge of where to find information is of more import¬ 
ance than the comparatively small number of facts they have learnt. Many 
even when engaged on research are still content to apply to their teachers 
on every occasion without realising that a time will come when they will 
not have a professor handy to answer their questions. In the past several 
years' experience was required to gain a knowledge of the literature of 
chemistry, but with the publication of this book a short cut to competence 
is provided. Every chemical student should read it towards the end of his 
training and with its aid learn to use a good chemical library. The scope of 
the work is indicated by the chapter headings; The Problem and Objectives, 
Books, Periodicals, Patents, Other Sources, Indexes, Libraries, Procedure. 
In a series of appendices are given: Bibliography of Articles on Chemical 
Literature, Symbols and Abbreviations used in Chemical Literature, A list 
of American Libraries of Interest to Chemists, A Bibliography of Lists of 
Periodicals, Scientific and Technical Organisations, Periodicals of Chemical 
Interest, A list of Chemical Book Dealers and Publishers, and A Select 
list of Chemical Books. 

Although the book is written in the first instance for the use of American 
chemists, except in the matter of Libraries, it is as useful to the chemists of 
Europe. As the book is in English it is perhaps a pity that the Libraries of 
the English-speaking countries were not dealt with as a whole, not merely 
those in Canwa and the United States. 

Everyone with much experience of chemical literature will have criticisms 
to make, particularly of what has been included and what left out in the 
various lists; but such matters are of minor importance compared with the 
value of the work as a tong^^wanted guide to the novice when first he has 
to use the enormous literature of chemistry. 


O. L. B. 
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Bidodeal Cbemiftry tad Pbyiioi ot Sea Water. By H. W. Harvey, M.A., 
H3rdrographer at the Laboratory of the Marine Biological Associatioii, 
Plymouth. [Pp. x -f X94». with 65 figures.] (Cambridge: at the 
University Press, 1928. Price tos, 6 d. net.) 

Nobody need be alarmed at the title of this book, for it is singularly free from 
what is ordinarily known as biological chemistry. The chemistry throughout 
is of the most elementary character and the physics is served up with a mini¬ 
mum of necessary mathematics. The book is eminently readable and there 
are few botanists and agricultural research workers who would not benefit 
by it. It might well find a place in a modern curriculum of geography. 

Quantitative results are tabulated or shown in graphic form to illustrate 
each theme and there are copious references to relevant textbooks and 
original papers. The arrangement of the bibliography i.s the only blot on the 
book; each chapter has a separate reference list printed with it nor are authors' 
names in alphabetical order. There is, however, a good subject index, also 
authors' index. The first chapter deals with conditions affecting the growth 
of marine plants and animals. The relation of the former to nutrient salts, 
sunshine, and temperature is discussed, and that of the latter to temperature 
and the composition of the external medium. In chapter two we find useful 
data as to the chemical composition of sea water. 

Special attention is given to those constituents which, present in very 
minute amount, limit the production of plant—and indirectly of animal— 
life in the ocean. Of greatest importance are phosphates and nitrates which 
arc completely used up at the surface by the phytoplankton in summer. At 
great depths their abundance is limited by the amount of light energy 
available for photosimthesis. 

Chapter three contains a simplified account of the tides. Ocean currents are 
considered in relation to the latter and to differences in temperature and in 
salinity. The clear way in which Bjerknes' circulation theory is presented 
is especially commendable. Quantitative data are tabulated and arc then 
used in a calculation in which an oceanic current moving with a velocity of 
1*3 nautical miles per hour is shown to exist as a necessary result of the 
density differences between the water at the two stations considered. 

Chapter fotir deals with the temperature changes of the oceans. These 
lead to the formation of warm surface layers, the reduced density of which 
forms a barrier to the vertical circulation of the water. The latter is of the 
utmost importance, since upon it depends the replenishment of the upper 
water with nutrient saltii regenerated from animal and vegetable decomposition 
down below. 

A brief chapter five discusses submarine illumination, the character of the 
light as determinecUby photographic work with screens and its intensity as 
measured by photo-electric cells. 

The whole book leads up to chapter six, which considers all the factom as 
related to the productivity of the ocean. Interesting calculations are given 
as to the annual crop, data determined by direct chemical analysis being used, 

W. R. G. Atkins. 

The Industrial Uses ot BaiudtA By N. V. S. Knibbs, D.Sc. [Pp. 141.] 
(London :» E. Benn, 1928. Price 215. net.) 

Since the discovery of Bauxite over a century ago by Berthier at Baux in 
Provence, practically the only important use of the material has been as a 
source of aluminium, prepared from it by electrolysis. As such it possesses 
great importance though only from this one aspect. 

Within recent years, however, it has been found in addition that bauxite 
is capable of yielding a very resistant and valuable aluminous cement and at 
the present day developments in this direction appear to be limited only)by 
the price of the raw material. I>r. Knibbs has collected together a great deal 
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of valuable information from various sources and a perusal of this book will 
give one a good idea of the trend of recent developments. 

The 14 chapters of the book deal shortly and concisely with the occurrence 
and preparation, composition and properties of bauxite, and also a short 
account of its use for the preparation of aluminium, aluminous cement, 
refractories, abrasives, and its recent applications for oil refining. The book 
is clearly printed and provided with adequate references and will no doubt 
prove acceptable to those interested in the subject despite its relatively high 
price, F. A. M. 

Impurities in Metals, their Influence on Structure and Properties, By 

Colin J. Smithells, M.C., D.Sc. fPp. xi 4- 157, with 166 figures.) 

(London : Chapman Sc Hall. 1928. Mce i8s. net.) 

In the introduction to his book on Impurities in Metals Dr. Smithells defines 
his use of the term impurities ** as those constituents, whether metallic, 
non-metallic, or gaseous which occur naturally in metals or are added inten¬ 
tionally, up t(^ approximately i per cent, in amount. They are " minor 
constituents,** and if he had substituted this term in the title, which he admits 
he would have preferred, the scope of the book would have been better in¬ 
dicated. The field covered is necessarily wide and varied, and the subject 
matter docs not lend itself to classification and generalisation. The effect of 
the three types of impurity on the structure, mechanical and electrical pro¬ 
perties, and on the resistance to corrosion, etc., is dealt with in separate 
chapters, and this leads to a great deal of repetition. A good index is an aid 
to obtaining information on the effect of one particular constituent on one 
particular metal, which otherwise would be extremely difficult to find. Con¬ 
sidering the amount of available data, it is disappointing to find so large a 
proportion of the book devoted to elementary metallography and X-ray 
crystallography. Most readers of a book of this kind might be expected to 
have a knowledge of the former and the latter is extraneous matter and can 
be found elsewhere. There is rather a tendency at the present time to think 
that no book is complete without a chapter deaUng with the application of 
X-rays. There is even less excuse than usual in this instance, as X-ray 
crystal analysis has not proved of great value in detecting very minute 
changes in the lattice and has failed entirely in providing any explanation 
of the change of properties accompanying the addition of traces of a second 
constituent. 

Dr. Smithells is to be commended for collecting a considerable quantity 
of scattered information and for presenting it in book form, and the printing 
and reproduction of the micro-photographs are excellent. 

The book should prove useful to metallurgists and manufacturers until a 
more complete survey olthe whole problem is available in a systematic form. 

C. F. Elam. 


The Brdntioii fladl (aasstteatton of Soils. By Dr. £. Ramann. Tranidated 
by Dr. C. L. Whittles. (Cambridge: W. Heffer A Sons, 1928, 
Price 75. 6d.) 

One of the most striking developments in agricultural science in recent years 
is the general adoption of the Russian ideas as to the manner in which soils 
have evolved, and of the corollary to these ideas—a comprehensive system of 
soil classification. In Great Bri^n those agricultural scientists whose main 
interest lay in the soil were confronted by a most complicated geology, and an 
appreciable variation of climatic conditions from east to west and, to a lesser 
degree, from north to south. In these conditions, and with the sett-evident 
variations in crops and farming methods over the country, it is not surprising 
that the few surveys made were conducted on the assumption that 



REVIEWS 543 

geology, climate, and cropping systems were the predominant members of 
the framework within which the detailed soil classification would fall, and 
to wWch it would have to conform. In the large Continental areas, and 
espKscially in those regions where modem intensive agriculture was not 
fully developed, it was found that geology had relatively little influence on 
soil types. The Russian workers showed that the boundaries of different 
easily distinguishable soil types and the boundaries of certain definite climatic 
zones were in general coincident, overriding very largely the geological difler- 
ences in the underlying rocks, even in those cases where the soil itself was 
directly derived from them by degradation in situ. 

The difficulties of language, and the outbreak of war were responsible 
for the extensive Russian work remaining almost unknown, until recently, by 
investigators in the rest of Europe. The late Prof. Ramann of Munich was 
one of the very few outside Russia who grasped the predominant effect of 
climate in the evolution of soil. He set out his view's in summarised form in 
1917, and the book under review is an English translation by Dr. C. L. 
Whittles, formerly Director pf the British Guiana Sugar Planters* Experiment 
Station. 

The translation has been well done ; it reads smoothly, and the claim 
that care has been taken to find suitable English equivalents for the names of 
the various soil types wdll be generally admitted. 

The interest of the book is twofold. It provides, in an accessible form for 
English and American readers, the mature views of Ramann on soil classifica¬ 
tion and thus enables those interested in the historical development of the 
subject to assess correctly his share in its growth. Secondly, it deals with 
Western and Central European soils that are, geologically speaking, mostly 
young enough still to retain easily recognisable characteristics of the parent 
material. They stand, therefore, in some contrast with the Eastern European 
soils on which the climatic classification was originally developed. Ramann*s 
discussion of these '* immature " soils is of direct interest to British workers, 
who are confronted with the fact that in their scheme of cla-ssification they 
cannot ascribe only a relatively minor infiuonce to the geological character 
of the various soils in this country. B. A. K. 

Xba Divine Origin of the Craft of the Herhaliit. Bv Sir E. A Wallis 
Budge, Kt., M.A., Litt.D., etc. fPp. xii -f 96.] (I.^ndon: The 
Society of Herbalists, 1928. IMce 5s. net.) 

The Society of Herbalists is a limited company under the direction of Mrs. 
C. F. Leyel, and Sir Ernest Wallis Budge is the Adviser on Oriental Materia 
Medica. If the Society produces other books as good as the present one, 
it will deserve the tllknks of all who are interested in the history of science. 
Sir Ernest has, of course, an unrivalled knowledge of ancient oriental civilisa¬ 
tion, and he has exercised great judgment in his selection of material for the 
present subject. He shows that the art of healing was closely associated 
with magic, and that the gods themselves were responsible for teaching men 
the curative power of herbs. 

Particularly interesting is the account of the Sumerian and Assyrian 
Herbals, based largely upon the researches of Dr. Campbell Thompson. 
The persistence of technical names is astonishing; we find, for example, 
that the words saflron, styrax, sesame, turmeric, and many others have 
been transmitted to us from the Sumerian via Greek and Arabic. 

The book contains thirteen illustrations, which greatly add to its attrac* 
tiveness, though some of them might have been more usefully replaced by 
others. It is surely unnecessary to devote three pages to transcriptions <k 
Assyrian lists of plwts in a book which is intended for the general reader. 

E. J. H. 
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lOOXiOaT. 

The Honse-^y, Iti Life-history, Importanoe ae e Disease Oarriert and PraotfaMl 
Directt^ lor Its Suppression. By Major £. £. Austen, D.S.O,, 
Keeper, Department of Entomology. British Museum (Natural 
History), Economic Scries No. ia. Third Edition. [1^. 71, with 
^ 13 figures.] (London: Printed by order of the Trustees of the British 

Museum, 1928. Price 15.) 

This pamphlet, of which the second edition appeared two years ago, has been 
revised throughout and ^slightly expanded. 

Although, as the author says in bis preface, no outstanding discoveries 
have been made since the last edition, there are several important additions. 
For instance, alternative methods for the suppression of breeding grounds in 
municipal refuse-dumps are described and the mode of employment in 
America of hydrocyanic acid gas for killing the flies themselves is mentioned. 
This latter method is unsuitable for ordinary household use. 

Among minor additions the following may be noted : chicken-dung in 
fowl-runs has been found in the United States of America to be a breeding 
place of the fly; the house-fly has been proved to be responsible for a 
certain number of cases of intestinal myiasis ; and the close-packing of stable 
manure, which had been previously proved to be successful in England at 
least, in killing the eggs, maggots, and pupae by the utilisation of the natural 
heat of fermenting manure, has now^ been shown to be effective in the warmer 
climate of Bermuda. 

A very suggestive footnote is added on p. 63, drawing the attention of 
medical officers of health and local sanitary authorities to the outrageous fact 
that even now pastrycooks* wares in shops are freely exposed to contamination 
by house-flies. 

We recommend this pamphlet to all, believing that a true knowledge of 
the disgusting habits of the house-fly and the subsequent danger to public 
health, will bring about the necessary concerted action for the prevention of 
its breeding and thereby destruction the sooner. 

H. F. B. 


The Social Inaeots, their Origin and Evolution. By William Morton 
Wheeler, Ph.D., Sc.D., LL.D. fPp. xviii 4* 378, with 79 figures.] 
(London : Kegan Paid, Trench, Trubner & Co. ; New York: Har- 
court, Brace and Company, 1928. Price 215. net.) 

This book, as the author states in his preface, consists basically of twelve 
lectures delivered by Dr. Wheeler while occupying a Har\'ard exchange pro¬ 
fessorship in the spring of 1925 at the University of Paris. These lectures 
were published by Gaston Doin & Co. in 1926 under the title Les Socii^t^ 
dTnsectes, leur Origine, leur Evolution,** in the Encyclopidie Scientifique, 
edited by Prof. M. CauUery, The original lecture form has been retained, but 
additional passages omitted in the French publication have been restor^, a 
small amount of new material has been added, and various errors have been 
corrected. A few illustrations appear for the first time and a few are now 
omitted. Finally, the work has b^n brought up to date as far as possible* 
It may be pointed out that this book is not to be confused with a former 
book by Dr. Wheeler, entitled Social Life Among The Insects, published a few 
years ago by Constable & Co., Ltd. 

Dr. Wheeler, the leading authority on social insects, starts the series of 
lectures with an introduction concerning the scope and meaning of the social 
among insects. Four general <|ue8tions relating to what are social insects, 
whether they have had an evolution, the peculiarities of this evolution, and the 
cause or conditions that may be assigned to this evolution, are dealt with and 
partially answered. The origin of the Terebrantia and Aculeata forms the 
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next lecture. Then follow successive chapters or lectures on the evolution of 
wasps, bees, ants, and termites ; these deal in detail with those insects which 
have become definitely social and have passed the subsocial state reached by 
such insects as, for example, the Silvanidae among the beetles, and earwigs, 
Erabiids, and Gryllotalpa among other orders. 

Two chapters are devoted to an excellent account of Polymorphism, and 
these are followed by a very lucid account and explanation of the social medium 
and trophallaxis or reciprocal exchange of food and other stimuli. Dr, 
Wheeler re-explains in some detail his conception and use of the term ** tro¬ 
phallaxis,*' and answers his critics, especially Father Wasmann, He goes on 
to review the relevant facts and emphasises the fact that the usefulness of the 
principle may be extended to include other phenomena besides the exchange 
of food, for example, olfaction. In this connection he introducCsS the term 
chemorecept " instead of the anthropomorphic terms *' taste ’* and “ smell. 
The evolution of the guests and parasites of the social insects occupies the 
two next chapters or lectures. These chapters, perhaps even more than the 
rest of the story of social insects, illustrate strange parallels between insect 
societies ami human society. 

Chapter XII is a very able conclusion in which Dr. Wheeler briefly out¬ 
lines the probable evolution of the truly social insects. He also indulges, 
not without good cause, in more detailed comparisons of the social insects 
and man. There is a good bibliography of 37 pages containing references to 
writings of over 450 scientific workers. It seems strange, however, that no 
reference is made to Rdsch’s work. A full index completes the volume. 
Very few typographical errors still remain, for example, V' instead of on 
p, 230. The illustrations are good. 

On reading the book one is struck by the ease with which the master- 
hand of Dr. Wheeler deals with the whole ground suggested by the title : a 
thorough introduction, detailed accounts of the four groups of insects and 
various phenomena concerned, all following each other with great clarity. 
Besides appealing to the entomologist, this book must attract the attention 
of followers of the modem trend of thought in the fields of philosophy, socio¬ 
logy# and animal behaviour. H. F. B. 

L6af<*]iiiiiing Inteoti. By Jamks G. Needham, Stuart W. Frost, and 
Beatrice H. Tothill. [Pp. viii + 351, with 3 plates and 91 figures.] 
(London : Bailli^re, Tindall A Cox, 1928. Price 275. net.) 

Leap-mining insects belong to four orders of insects—Lepidoptera, Coleoptera, 
Diptera, and Hymenoptera—and are quite numerous, about 770 si>ecies 
occurring in America Jibing dealt with in the list of leaf-mining insects in this 
book, but there are not many of economic importance. Leaf-miners are all 
larvae, and in many cases show convergent evolution to a marked degree. 

Leaf-mining Insects, as stated in Dr. Needham's prefatory note, is an 
eq^eavour by the authors to provide (i) an untechnical introduction to the 
study of these insects, intelligible to the general reader; {2) an account of 
their natural history sufficiently detailed to be useful to the working ecologist; 
and (3) lists of the leaf-miners, of the food plants, and of technical papers 
concerning them, adequate for the needs of the specialist. 

Chapters I and II give one a very good idea as to what leaf-miners are 
in a general way and fulfil admirably the authors* aim to provide an 
untechnical introduction to the study of leaf-mining insects. 

Chapters III to XI inclusive deal with the Lepidoptera, while Chapters 
XII, XIII and XIV deal respectively with the Coleoptera, Hymenoptera, and 
Diptera. Here the separate families and genera are dealt with in order and 
examples are described. Useful tables of the leaf-mining genera of Coleoptera, 
Hymenoptera, and Diptera, taken from Dr. Frost’s previous publications, are 
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included. Keys to the more common North American leaf-mining Diptera 
based on the type of mine produced^ the leaf-mining larvae of Agromyt0 
and the larvae of PhyUmyza are also to be found in these chapters. These 
chapters, presumably intended to be useful to the working ecologist, give the 
impression that the authors have attempted the impossible in their aim to 
provide a book readable alike by the general reader, ecologist, and specialist. 

Chapter XV consists of a list of Leaf-mining Insects and Chapter XVI 
of a list of Host Plants of Leaf-mining Insects. The Bibliography^ consisting 
of 17 pages, is arranged as follows : general references, and then under each 
order there is a list of general references, and finally there are references under 
families. One finds with regret no reference in the bibliography to Leathers* 
(1922) work on Chironomut hta&tnia, which is mentioned on p. 28. There 
is an index of ii pages. The last two chapters and the bibliography, com¬ 
piled by Dr. Frost, will be very useful to the American collector of leaf-mining 
insects and will also serve as check-lists to the specialist. 

Throughout the book there are numerous citations, by means of which, 
together with the references in the bibliography, one can follow any particular 
branch of the subject. 

In spite of one or two minor typographical errors the book is well printed 
and got up generally. There are, however, several mistakes and omissions 
which give the book the appearance of having been got together in a hui^. 
For example, in the Contents it is stated that a table of orders of leaf-mining 
larvae is to be found on p. 39, whereas it is on p. 35; Chapter II starts on p. 36, 
not as stated on p, 35; the lettering of figure 41 is incomplete, and one cannot 
find Coleophora limospinnella in the list of leaf-mining insects in Chapter XV, 
although it is American and is mentioned on p. 52. 

To summarise, Leaf-mining Insects gives an excellent account of leaf- 
mining insects for the general reader and contains valuable check-lists for the 
ecologist, and specialist; but we consider that the authors have attempted too 
much in trying to write one book for the general reader, ecologist, and specialist, 
and that they would have attained their object better if they had written three 
books. H. F. B. 

The Larval Stages ol the Plymouth Brachyura. By M. V. Lrbour, D.Sc., 
F.Z.S. {Proc, Zool. Soc,, 1928, part 2, pp. 473-560, pis, 

The study of Decapod larvae is a peculiarly fascinating one, but the extreme 
dif^culty of keeping them alive through the successive moults is a serious 
obstacle to their identification. The methods evolved at Plymouth have 
enabled Miss Lebour largely to overcome this difficulty, and her discovery 
that the larvae of Oysters, Echinus, etc., are readily eaten by the zoeaa has ^ 
made it possible to reaur some species from the egg to the crab stage. How 
difficult the task is is shown by fact that even Miss Lebour was completely 
successful only with three species, but nine others were reared as far as the 
last zoea or the megalopa. Twenty-five years ago my own efforts at Plymouth 
at rearing these larvae were always failures, with the single exception of 
Pandalina brevirostris, which was reared from egg to prawn. 

Out of 37 species of crab known from Plymouth, Miss Lebour is now able 
to give descriptions from her own observations of no less than 33. Since 
among these most of the families are represented, her survey is of the greatest 
value from the systematic point of view. The larvae are shown to by no 
means so uniform in structure as has hitherto been supposed, and she has 
discovered features which can be used to distinguish aU the genera. For 
example, the number of setae on the exopods of the maxiUipedes, taken in 
conjunction with the degree of development of the other parts, give an indica¬ 
tion of the number of moults passed through and a strong clue to the identity* 
The carapace spines which are so characteristic of the Brachyuran coea are 
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shown to be relatively unimportant systematically. For instance, Pinno* 
ih^res v$Ufum has a large dorsal spine, while P. pisum has none. 

Miss Lebour has been able to draw up keys for the identification of all the 
genera, and it will be po.ssible also to recognise from her description most 
of the species of British crabs taken in the plankton. This may prove of 
much importance in the study of their distribution. Such knowledge as we 
possess, incomplete as it is, of the larv® of the Macrura has revealed interesting 
facts of distribution. For instance, the Trachelifer larva of Jaxea nociurna 
is quite often taken in plankton, though the adult has very rarely been seen. 
Again, the larva of Leander longitosiris was not long since identified in plankton 
from the Eddystone region. At the time the only British locality known for 
the adult was the Norfolk rivers ; but quite recently it has been found to bo 
common in the Tamar. 

Miss Lebour finds that these larv® admit of a systematic arrangement 
which corresponds very closely with the system generally accepted for the 
adults, but that there are .some discrepancies upon which she lays stress. 
For instance, the larva of Thia differs so much from that of Aielecyclus that 
she finds it necessary to establish for it a new family, Thiid». The most im¬ 
portant question raised is the relation between the Leucosiidae and the Pin- 
notherid®, the former btnng hitherto included in the Oxystomata and the 
latter in the Brachyrhycha. As she points out. some of the resemblances of 
the Pinnotherid and Leuco.siid larvae may be due in part to their both having 
the habit of living near the bottom, but the resemblance extends to the 
megalopa and probably docs indicate some degree of relationship. Bourne 
has already shown that the Raninidae should be separated from the Oxysto- 
mata as a distinct sub-tribe the Gymnopleura. and the differences between 
the larvae ascribed by Cano to Dorippe and those of the Leucosiids are so 
astonishing that a real relationship seems impossible. Unfortunately here, 
as in many other cases, we are handicapped by serious doubts as to the 
reliability of Cano's identification.s, and it is impossible to base conclusions 
on his work. There can be little doubt that we shall not reach a satisfactory 
classification of the Decapoda until the larv’^al stages are taken into account; 
but very much more information is needed, especially concerning the Dro- 
miacea and Oxy stomata among the Brachyura. 

Among the many joints of interest in Miss Lebour's paper, attention may 
be drawn to her observation that some crabs such as Cancer, Xantho, and 
Aielecyclus attempt to mask themselves with foreign matter as soon as they 
moult from the megalopa stage. The habit is, of course, well known in 
adult Spider-crabs, but it is rather surprising to find it in the young stages 
of the genera mentioned. 

The paper conct^es with a review of work published on foreign crab 
larvae which is valuable though not altogether complete. For instance, it 
would have been helpful if we could have had Miss Lebour's observations on 
the ratlier remarkable xoea of Hetcropanopc described by Tesch. 

Robert Gurney. 

fba Britiih Set Anemones* By T. A. Stephenson. Vol. I. [Pp. xii + 14$, 
with 14 plates.] (London : Ray Society, 1928. Price 375. 6 d. net.) 

Dr. Stephenson's Monograph on the British Sea Anemones has been eagerly 
awaited and the present volume more than justifies expectations. It is one 
of the most beautiful of the many beautiful works given to us by the Ray 
Society. Vol. I is issued to sub^ribers for 1927. and contains 14 plates, 
XI of which are coloured, and many text figures. It embraces a general 
account of the true anemones, only the Actinaria being dealt with, as the 
Ceriantharia and the Zoanthinaria classed by Gosse with the ordinary sra 
anemones are excluded. The structure, coloration, development, bionomics. 
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and classification are fully discussed, but the detailed systematic part is still 
to be published. Thirty-nine species are Hated, and it is very satisfactory 
to find fewer rather than more species than are usually recognised in the 
older works. For instance, Peachia hastata Gosse now embr^es both P, 
undata and P. triphylla of that author, and there are many similar cases. 

The treatment is original and based upon a thorough knowledge both of 
the technique required for the anatomical study of preserved specimens and 
of the living animals which have been ceaselessly watched in their marine 
haunts as well as in the laboratory aquaria. Thus we have offered to us a 
work both for the systematist and the naturalist by one who has sympathies 
with both sides. Important and extremely interesting is the author's belief 
in physiological characters for the determination of species. He finds the 
distribution of the various methods of reproduction to be characteristic. 
Thus apparently one species may be viviparous, others may divide by total 
fission, fragmentation, by tearing or*by constriction, others again are charac¬ 
terised by the absence of any of these methods, but they are apparently 
usually alternative, and a given method of reproduction, in cases so far in¬ 
vestigated, is a specific character. 

In determining a species of anemone the necessity for studying collectively 
the various characters including the physiological differences is emphasi^d. 
As is truly stated anemones cannot be classified by taking isolated points into 
consideration. All points must be compared, and a species cannot be deter¬ 
mined by merely looking at a coloured figure which only represents one aspect 
of a creature of extreme variability in all its attitudes, Dr. Stephenson's 
coloured figures have a peculiar charm and his title-page, head-pieces, and tail¬ 
pieces are dcHghtful. Wc look forward to the publication of the second 
volume. M. V. Lebour. 

miBCBLiJLnoxm 

Vfttund Man. A Record from Borneo. By Charles Hose, Hon.Sc.D. 
(Cantab.), with a Preface by Prof. G. Elliot Smith, F.R.S. fPp. 
xvi + 284. 126 illustrations and a map.] (London : Macmillan & Co., 
Ltd., 1926. Price 305. net.) 

The cause of science has been greatly aided in the past by Western Europeans 
who have held administrative appointments in remote parts of the earth. 
Dr. Charles Hose has been a notable contributor of that kind by investigating 
the fauna of Sarawak and supplying numerous museums with specimens 
from that region. His contributions to cultural anthropology are equally 
important. The Pagan Tribes of Borneo, written in collaboration with Dr. 
William McDougall and published in 1912, is recognised to be the most 
authoritative account of the ethnology of the island, and P^aturaX Man is 
a record which will be highly valued by anthropologists. It is essentially 
a descriptive account of all aspects of the life of the native peoples of Borneo, 
as they exist to-day, or as they can be safely inferred to have existed l^fore 
they were modified by Europeams. Many of the customs and beliefs descrited 
are doubtless of great antiquity and it is fortunate that they should have 
been so carefully studied before it is too late, The writer avoids theorising 
on the significance of the facta in their relation to wider problems, and his 
book is in that way more coherent than many anthropological surveys of 
its kind. The reader is never given the impression that a description is 
in any way coloured to favour a particular hypothesis. The known ^tory 
and presumed origins of the tribes are briefly outlines, and there is an interest¬ 
ing account of the proceedings which resulted in James Brooke's investiture 
as Rajah and Governor of S^wak. The tribal and village life, arts, crafts, 
customs, and beliefs of the natives are then described in turn. The diverse 
origins of the population are said to be evidenced by the physical betero* 
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geneity^ found to-day, and the differences of customs and beliefs bear witness 
to the fact that several different higher civilisations have affected the inhabi¬ 
tants of Borneo at different times. The pagan—i.o. the non-Mohammedan 
—^peoples are classified in six principal groups. Of these the Punans are the 
most primitive tribe, and they are, perhaps, the most interesting anthropo¬ 
logically. They are solely hunters and gatherers, possessing no houses or 
domestic animals and practising no agriculture. Though users of metal 
implements, they are unable to manufacture them. The Punans are said to 
be incredibly shy, peace-loving and intelligent. In the preface Prof. Elliot 
Smith suggests that the existence of these kindly savages establishes “ the 
fact of fundamental importance that man is by nature peaceful and good- 
natured." But one is not compelled to accept that view. It seems quite 
as reasonable to suppose that the Punans have failed to advance beyond 
their present low cultural status because they are reserved and unaggressive. 
Quite a different temperament may be needed to enable a race to achieve 
a dominant position. In many ways this book will serve as an apology 
for the natives of Borneo, It will entirely dispel the popular idea that they 
are no more than head-hunting savages. The origins of their culture are 
still largely obscure, but it had in some ways reached a high level l>efore 
there had l^en any contact with Europeans. The natives still excel in metal 
working and in numerous arts and crafts, but it is feared that their skill will 
bo lost as more and more articles arc imported from Europe. 

B(dlei IiM'f Miorotomift'i Vade-Heonm. A handbook of the Methods of 
Microscopic Anatomy. Ninth Edition. Edited by J. BrontA 
Gatknby, D.Sc., and E. V. Cowdry, Ph.D., with collaboration of 
W. R. G. Atkins, O.B.E., Sc.D., F.R.S., the late l^of. Sir William 
Bayliss, J. Thornton Carter, F.Z.S., Robert Chambers, Ph.D., 
W. Cramer, D.Sc., the late Dr. C. Da Fano, Helen IPixell-Goodrich, 
D.Sc., J. G. Greenfield, M.D., R. Ludford, D.Sc., G. Payling 
Wright, B.M„ B.Ch,, F. W. Rogers Brambbll, D.Sc. [Pp. x -f 710, 
with 9 plates.] (London : J. and A. Churchill, 1928. Price 30s. net.) 

The Microtomisfs Vade-Mecum is well known to biologists as the standard 
reference-book in English on cytological, histological, and embryological 
technique. It attained this pre-eminence when it first made its appearance, 
and has retained it up to the present time. Other books on microscopical 
technique have appeared, but none have attempted to rival the Vade-Mecum 
as the standard compendium of all the more important microscopical methods. 

The scientific world has recently borne the loss of Arthur Bolles Lee, 
the original author of this book. Although the book has changed much 
since he ceased to edit it, we feel very strongly that it owes a great deal to 
his genius. We thhik that future editions would be enhanced by the inclusion 
of a frontispiece photograph and a short biography of the author. 

The present edition is extensively revised to bring it up to date with the 
most recent advances in technique. The cytological section includes the 
tmvf modifications of the osmic acid meth^ for impregnating the Golgi 
apparatus introduced by Ludford* Murray, and Nassonov. New sections 
are introduced dealing with histological applications of measurements of 
by Dr. W. R. G, Atkina and with micro-dissection by Dr. R. Chambers, 
^e protozoological section has been completely rewritten by Dr. H. Pixell- 
Coodrich, the neurological section by Dr. J. G. Greenfield, and the tissue 
culture section) by Dra. G. P. Wright and F. W. R. Brambell. ^ These altera- 
ttenm and additions have greatly increased the usefulness of the book to the 
practical worker and perform a very important function in supplying a condse 
account of the modem methodi in the^ rapidly ^wing fields. 

Recent editions have tended to contain an increasing number of little- 
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used modificationt of the mote importmt methods. The indnsioii ol these 
^ was of little practical value and was inclined to confuse the inexpeiienoed. 
We are glad to note that many of these have been removed from the present 
volume or have been incorporated in a simplified form. This is advantageous 
and might, we think, be carried still further. 

We congratulate Prof. J. Bronte Gatonby and Dr. E. V. Cowdry on this 
edition and confidently recommend it to those interested in microscopical 
technique. A. S. Parkks. 

The Extra PharmacKHPosia. By Martindale and Westcott. Vo). I. 
Nineteenth Edition. Revised by W. H, Martindale, [Pp. xxxvi -f 
1207.] (London ; H. K. Lewis & Co.. Ltd., 1928. Price zjs, 6d. net.) 

A BOOK such as this, which has survived nineteen editions, has obviously 
more than justified its existence and has indeed made itself an essential 
part of the equipment of medical men. pharmacists, and analysts; but 
this by no means completes tlie list of those who may be recommended 
to refer to the pages of this book for enlightenment. The information 
contained in this bandy little volume is encyclopaedic, and besides giving 
the most up-to-date accounts of the properties and therapeutics of all the 
well-established and also more recent drugs it provides an elucidation with 
regard to all the more important orders, regulations, and international con¬ 
ventions relating to matters of medicine, hygiene, etc. From the large amount 
of matter dealt with it is difficult to select for special comment, as each 
reader would have his own preference, but sufiice it to say that, in addition 
to containing informative articles on ofiicial and non-official substances in¬ 
cluded under the heading of Materia Mcdica. digressions are occasionally made 
from therapeutics, as in the case of Go&sypium, under which heading is 
included a short account of the manufacture of artificial silk; in addition, 
the book contains sections of considerable length devoted to vaccines and 
anti-toxins, organotherapy, as well as a very instructive therapeutic index 
of diseases and symptoms and a supplementary list of drugs w^ch includes 
a number of rarely used plant materials together with their supposed medicinal 
action. Altogether a most useful book, which may often supply infonnatiott 
where other books fail. P. H, 

The Aleheny of Light and Colour. By Oliver L. Reiser. [Pp. SOJ 
(London: Kegan Paul, Trench, Trfibner & Co., 1928. Price as. 6({f.) 

Prof. Reiser's essay—it can hardly be called a book—deals with the 
phenomena of colour, and incidentally of light, from an alchemical or rather 
psychological standpoint. Colour is regarded as ''filtered light,*' and is 
consider^ to be due to a " kind of resonance effect." We observe the 
colour complementary to the one absorbed. This " 83mchronisation " was 
at one time regarded as consisting of an attunement between molecular 
groupings and radiant energy. Now the tendency is to explain it in terms 
of el^tronic behaviour. The absorption of moving light-waves is considexed 
to be due to intra-atomic vibration. " Reduction " of a dye to a colouxless 
leuco-compound is urged in support of this, and elsewhere mention is mads of 
" living " and " dead " hydrogen-atoms. 

The author's main theme Is the biochemical basis of colour, and he con¬ 
cludes by suggesting that his views " might be tested by applying a delicate 
electroscope to the region around the brain when part of the skull has been 
removed {i^. in trepaaning)----tibie only trouble is that under such emditi^ 
the patient is nsuaily unconscious from the effects of an ana»ithetic: tlkiit 
pluMmhoreacence of the brain which we call consciousness is therefore absents 
so that the emimations isould also be absenL However, the ingenuity 
the scientiit in overcoming limitations is marvellous." J. G. F. D. 
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HcNNdocr# * 1 ^ Sdence of Time Meaturemetit, and the Constroctioii of 
Clocks, Watches, and Chronometers. By J. Eric Haswbll, F.B.H.I. 
[Pp. xvi -f a67, with xg plates and xo6 figures.] (London : Chapman 
A Hall. Price 25s. net.). 

Both the author and publisher are to be congratulated on the production of 
such a useful book; the former for such a clear expression of a variety of 
subjects, combined with many accurate drawings and plates ; and the latter 
for their artistic presentation and pleasing type. 

The book naturally opens with a chapter on the astronomical measure¬ 
ment of time, the complete revolution of the earth on its axis, with reference 
to the stars, being the only true Standard Clock. Brief details are given for 
determining the period of a complete revolution of the earth by means of the 
transit instrument, two illustrations of which are shown. 

Thence follow early Egyptian methods of subdividing and recording 
this period, by Clepsydra, or Water Clocks (the earliest continuous motion 
clodk) to the Stewart Electrical Clock, the latest. 

The pendulum as an early time measurer is then described, and its 
subsequent application to ordinary clocks, and the development of its com¬ 
pensation for clianges of temperature, for its different forms, as new metals 
for their construction, such as invar, became available; then as applied to 
different types of escapements, through ascending stages of accuracy to the 
highly detached escapement of Strasser, Reiffcr, and Shortt. 

These, when enclosed in air-tight cases to maintain the air at a constant 
density (and pressure, too, if the temperature be constant), are measuring the 
length of the day with remarkable accuracy, the Shortt especially so, as it 
is relieved of the duty of unlocking the escapement and is run in a much 
higher vacuum ; but it needs another clock to show its time. 

The author gives clear details for the calculations of the length of pendu¬ 
lums and mentions the importance of their compensation, but omits examples 
for finding the lengths of the compensators for the pendulums of ordinary 
regulators, and for those in air-tight cases, which, of course, are not the same. 

Train calculations, gearing, both epicycloidal and involute, all clock 
escapements, with the drawings, are all well done. 

Electrical clocks, and their impulse dials, are brought up to date in the 
book. 

The drawings of the various watch and chronometer escapements, and 
the chapter on the balance spring, are excellent. 

A very good case is made out for the fixed escapement for watches, owing 
to a fuller knowledge of springing, as against the Tourbillon or revolving 
esc^xnent, and proved very clearly by the observatory trials. 

Chronographs, both single and spht seconds, quarter and minute repeaters, 
are fully explaine<jhand illustrated. 

Mainspnngs, barrels, keyless, and stem-setting mechanism, and many 
details as to the new alloys used in horology, must all appeal to the student 
and enthusiastic collector. 

Facing the dosing chapter on the Chronometer is a fine plate of John 
Harrison's No. 4 , which won the Government award, but whose name we 
find is omitted from the index of the book. 

Late examples of chronometers by Nardin, Kullberg, and Mercer are 
shown. 

A fine surveyor's recording chronograph, with combined chronometer 
having electrical contacts by hbarc^r, fitted with their latest ferro-nickel 
balance, and special balance spring of their own alloy, and manufacture, 
from which they have obtained such fine rates, completes a most informative 
md instructive book, 

£. T. CoTXXNQiuii. 
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BMoai By CiAiatNCE Wimchbstbr and F. L. Witts, F.R.P.S. 
[Pp. XV 236, with 176 illtistrations.] (London : Chapman A Hall, 
Z928, Price 255. net.) 

This book contains a " Foreword '* by Sir Alan J. Cobham, and introduc* 
tory notes by Sir Peter Clutterbuck, Timber Adviser to the High Commis¬ 
sion for India, and by Sir Felix J. C. Pole. General Manager of the Great 
Western Railway. 

It is divided into four parts headed respectively: (r) Summary (one 
chapter); (2) Photographic Material (four chapters); (3) Apparatus (eight 
chapters): and (4) Applications of Aerial Photography. This last section 
contains eight chapters dealing respectively with stereoscopic photography ; 
the application of aerial photography in industrial and municipal affairs; 
in education ; in archseology ; and in geography ; aerial surveying and map¬ 
making ; aerial photography abroad ; and the future of aenal photography. 

The names associated with the book are a sufficient guarantee that it 
contains much valuable information. 

The authors state that the book is due to experience and research, and 
Sir Alan J. Cobham describes it as a gift to the coming generation of know¬ 
ledge which has been acquired in this way. 

The illustrations are excellent, and the production generally very much 
to be praised. 

Aerial photography has, however, made enormous strides since the 
Great War, not only in respect of the range of its application, and the results 
achieved by its aid, but nlKLin its technique. To attempt to cover the 
whole ground in one book isno small effort, and the result is that some of 
the technical portions (particularly perhaps with regard to aerial surveying) 
are rather too condezus^ to be easily understood. 

Still they indicate sufficiently the problems to be solved, and the lines 
along which solutions have been advancing. 

It seems a pity that, with so many interesting plates, there is no list 
of illustrations enabling them to be turned up quickly ; and there are several 
passages which might have been improved by more careful revision. Thus 
on p. 37 we have a table of suitable exposures, of which the Maximum is 
one-fiftieth second. On p. 71 we read that the mimmum exposure should be* 
one-fiftieth second, ** the Uasi which should be given." Other examples 
might easily be adduced of passages in which the wording could have b^n 
rea^y irntyroved; but all these are, after all, small defects, and do not 
detract seriously trom the value of the book. 

The writers state that their aim has been " to present fairly and accurately 
the case for aerial photography." 

Their book should not only lead to a more widespread interest in the 
subject, but also be of service to those who wish to enter this line of work. 

M. T. M. Ormsby. 


^ The Thlistr Eartti": Zht IliEorf and Praettos ot Irriaation in all OoanMas. 

By E. H. Carrier, M.Sc. [Pp. vii + 222.] (London : Christophers, 
1928, Price zos. 6 d.) 

This book aims at presenti^ a coherent account of irrigation, which should 
inclnde the causes of such works, the history and scope of man’s efiorts and 
their prospects. Previously the subject was to be found treated in isefiated 
aspects a^ for particular areas in a variety of publications, official and / 
technical. 

The author realised the importance of the climatic background, and so 
the opening section deals with this and indicates the methods and value of 
irrigation. The second part, which concerns the processes adopted by the 
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iadant ampirea, is ot bistorical significance* Tba main portion of the book 
is devoted to the scientific distribution of water in the modem world. The 
clearness with which all the necessary facts are brought into focus calls for 
commendsdion, whilst the dispassionate and balanced criticism of the possible 
results of irrigation (p. 156) will-be appreciated. The correlation of relevant 
climatic and geological features is another noteworthy feature. 

May the reviewer suggest that the "Statements of the value of lucerne and 
the use of 1913 figures for ostrich farming (pp. 198 and 201) are liable to 
be interpreted more generously than the recent available details of that 
industry merit ? The return for 1922 shows ;f393,9i9 actual value recorded 
for leathers exported, against (j£ 3 milUon quoted). 

In subsequent editions the author will perhaps avail himself of such 
recent matters as the variations in the level of Lake Nyasa and the proposed 
flooding of the areas in the Sahara. 

The illustrations are well chosen, whilst the triple indices and biblio¬ 
graphy play their parts in making a book of excellent character for the general 
reader. A careful study of this work, with the aid of a good atlas, will be 
of high value to the geographer. J, Eling Coleclough. 

The Development of the Kioroeoope. Edited by Alfred N. Disney, M.A., 

. B.Sc^ fPp. xi + 297, with 30 plates and 36 figures.] (London: 

The Royal Microscopical Society, 1928. Price 17s. 6d. net.) 

Thb influence of the microscope on the science of Medicine and of our know¬ 
ledge of the causes of disease can hardly be overstated. The modem outlook 
upon the infective diseases is largely based upon discoveries made with the 
microscope, and within even the last few years the causes of malaria, of 
sleeping sickness, plague, and other similar diseases, have all been ascertained 
by its aid. It is therefore surely true to say that no other single instrument 
of any kind has contributed so greatly to the health and happiness of mankind. 

In the improvement and development of this king of instruments from 
shortly after its first invention up to the time of Abbe and the achromatic 
and immersion objectives, practically all the important improvements 
both in the mechanical construction of the stand and in the optical con¬ 
struction of the lenses were made by English opticians. It is therefore a 
strange fact that scarcely any account of the development of the microscope, 
beyond that in Mayall’s lectures to the Royal Society of Arts, is to be found 
in the English language. Yet there must be many users of the microscope 
who would wish to know something of its history. This volume, published 
by the Royal Microscopical Society, and edited by three of the Fellows of 
the Society, partly supplied this deficiency. It consists of two portions; the 
first part is a histo^ of optics and the microscope down to the publication 
of Hevolius’s Mackma CcslesHs in 1673, together with an annotated biblio- 
^aphy; and the second part is a descriptive catalogue of 161 microscopes 
in the collection of the Society, and of a number of objectives and other 
accessories. 

In the historical account, not only is an outline given of the growth of 
qptical knowledge, but sufficiently full extracts from the books referred to 
are included (in English), together with the illustrations, to enable the reader 
to judge for himself the extent of the contribution of each. In many cases 
the oni^nal extracts arc copied in extenso in the bibliography at the end of 
this part. These extracts add the more to the value of the book, as the 
books from which they are taken are in most cases extremely rare. The 
books are written frequently in Latin, as this was the language universally 
need bv scientists in the Middle Ages, and it is therefore very acceptable to 
the mrdtnary leader to have the English translation given in the text. 

After dealing with the early Greek writers the authors have given an 

36 
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excellent account of the state of tbe knewtedge of Optics at the t^e of the 


The conflicting accounts of the invention of the microscope and the telescope 
are collected and examined in a very interesting chapter, extracts being 
given from Borellus, Descartes, Huygens, Galileo, Scheiner, and others, 
together with illustrations of early telescopes and microscopes that are to 
be found in museums. The authors quote the conclusions of Van Swinden 
and Dr. Moll that Lipperahey made a telescope in 1608, and that Jansen 
may possibly have made a microscope in 1590- 

In the Society's collection, catalogued in the later portion of this volume, 
there are several microscopes of historical importance. The Marshall 
microscope (A2) is unfortunately not in its original state; the body and its 
supports are Marshall's, but the base, the bottom of the pillar, the stage, 
and mirror are later additions. We arc glad to see that the unique " Descrip¬ 
tion and Use of Culi>eper'3 new-invented set of double Microscopes . . 
has been reproduced (Plate 4), as this contains Culpeper's account of this 
important microscope which continued to be made l>oth here and on the 
Continent for over a hundred years. Among other interesting instruments in 
the collection are the large Universal Martin (Plate 16), the silver Watkins 
(Plate 10), the Adams Universal (Plate 9), the Joblot (Plate 3), and the 
Amici and Cuthbert reflecting microscopes (A 100, A 102). The experi¬ 
mental lenses made by Joseph Jackson Lister, c. 1830-50, are also, of course, 
of great interest, as these lenses reflect his endeavours to improve the 
correction of the spherical aberrations of the achromatic lens. 

The thirty plates are printed on art paper and give excellent reproduc¬ 
tions of the instruments. 

Altogether the book is well printed and is one which should be of great 
interest to all lovers of the microscope. 

R. Clay. 

Poems. By Ronald Ross. [Pp. 96.] (London : Elkin Mathews & Marrot. 

Price 3s. 6 d. net.) 

The present writer has always found Sir Ronald Ross one of the most enjoy¬ 
able of modern poets. Sir Ronald has in rather a rare degree the combination 
of sensuous and intellectual qualities; that is to say, in his case, of verbal 
music strongly rhythmical and of a moralising reflection which sometimes 
becomes sharp satire and at other times'approaches dream fantasy. 

The beautiful " In Exile," in a previous volume, showed his mastery of 
the brief stanza, but he is just as happily at home in the slower moving music 
of " Hesperus," which begins ; 

" Ah I whither dost thou float, sweet silent Star, 

In yonder floods of evening's dying light ? 

Before the fanning wings of rising night, 

Methinks thy silvery bark is driven far 
To some lone ble or calmly haven'd shore. 

Where the lorn eye of, man can follow thee no more." 

The feeling for rhythm which informs tbe sonorous diction of these poems 
is unfailing in tbe unrhymed verse, some of which in this volume should 
interest the technical spmialist, but it is well seen in the blank verse, a 
notoriously difiicult medium. One notices, too, in the few lines from tbe 
" Proem," which follow, a delicately just use of natural imagery for 
metaphor: 


Araoian pmiosopner Ainazeti, with many extracts trom nis upnetE i Msaurus, 


first and second centuries of our era dioptric lenses were unknown " (p. 62). 
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** Now while the golden orb atill tops the trees 
Glean every scattered ear, that when at eve 
Our hard taskmaster come to claim his fee 
We with no shame may render up our due, 

Though all our upland acres grant but small 
Return, and thistles many mingle there 
With yellow fruit/* 

In the same poem is an example of this poet's gift for the memorable single 
line: 

" Who now beholding yon far-westering Sun 
And phantom Moon upon the filmy east. . « /* 

The reviewer wishes he had more space to quote others. 

Among the pieces in this remarkably diverse collection which arc more 
interesting for the matter than the poetry, that is to say, the occasional verses, 
is the sonnet Petition " of 1916, dedicated to Sir William Ramsay before 
his death. Many readers will be glad to find it, even though it is not at the 
poet's highest artistic level: 

" Spirit who dwell'st on the high hills of Thought 
Far in thine eyrie of an ice-cold north ; 

Sister of Eagles, whose wings bear them forth 
To find—whose eyes can see what they have sought: 

Dwell not for ever in reverie overwrought, 

With stars and ice and visions of high worth, 

Silent and still, for ever above the Earth, 

On the frost-firW Pinnacles of Thought: 

" Descend, for the world sickens I Come, be swift! 

Fall like a falchion through this dreadful gloom, 

Here where we lie. and die, and throw God's gift 
To murderous idols ; save us from our doom : 

Great Science, such for thou dar’st doubt the truth; 

Sister of Stars and Mountains ; for that makes thee Truth." 

The unscientific reader cannot help regretting that the author of such 
prose romances and such books of poetry as Sir Ronald has given us should 
ever have been claimed by science ; but that is. no doubt, a narrowly sec¬ 
tarian view I R. L. M6GR02. 

OatcdiiiObta der Alohemie, By Karl Christoph Schmikder. Hcraus- 
gegeben und eingeleitet von Franz Strunz. [Pp. x -f 613.) (Munich: 
Otto Wilhelm Barth-Verlag G.m.b.H., 1927. Price, br., RM. 10, 
gb.. RM. 1,2.) 

Karl Christoph "^hmikdkr, who was Professor at Kassel, published his 
woU-known History of Alchemy at Halle in 1832. While it is by no means 
a thoroughly reliable work, and contains many errors which may reasonably 
be described as ludicrous, it is, nevertheless, a book which the serious student 
of alchemy and the history of chemistry cannot afford to neglect. Schmieder 
accumulated a mass of information from many sources, some of which ai^ 
not now available, and while the critical faculty was not one of his 
characteristics, he certainly had a flair for the romantic and fascinating 
details in which the story of chemistry is so rich. Prof. Strunz has therefore 
performed a useful service in reprinting the work, which had become extremely 
jrare, and which was, in fact, almost impossible to procure in this country. 
In his short Introduction, Strunz gives an interesting estimate of Schmieder's 
service to the history of science. 

The book appears to be reproduced in facsimile from the original edition. 
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RECENT ADVANCES IN SCIENCE 


MATKSMATZOS. By E. C. Tixchuarsh. M.A.. University College. 
London. 

Dirichlet’s Divisor Problem. —The problem which has become 
known as Dirichlet’s divisor problem is one of the most 
m3rsterious of modern mathematics. Unlike some difficult 
problems, it is easy enough to state. We denote by d{n) the 
number of divisors of n, so that d(i)= i, d{2)-2, d(3) = 2, 
^( 4 ) *=■ 3, etc. Let 

# D(ar) = X d{n), 

" 2 * 

so that D(af) is a non-decreasing function of x. The problem 
is to determine the asymptotic behaviour of D(a:) as *-*-oo. 

It is quite easy to find a first approximation to D(a:) ; 
in fact it is easily seen from the definition that D(x) is the 
number of lattice-points (points with integer co-ordinates) in 
the first quadrant underneath the hyperbola XY ^x. This 
number is approximately equal to the area between the axes 
and the hyperbola cut off by the lines X i, T = 1 ; and this 
easily leads to the asymptotic formula 

D(*) X log X. 

Actually it is noi very difficult to carry the approximation a 
good deal further, and to prove that 

D(*) “> X log X + (2y — i)a- + 0 (Ar*), 

where y is Euler’s constant. 

The real difficulty appears when we seek to discover the 
real order of magnitude of the difference 

d {x) »= D(2:) — at log ar - (2y - i )x, 

and it is this problem which has so far baffled all attempts to 
solve it. 

We have seen that d {x) — 0 {x^). What may be called 

37 
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the first real discovery in the problem was made Iw Voronol 
in the c^rly years of the present century ; he proved that 

(1) = 0(«* log x). 

Later it was shown by Hardy that the equation 

(2) A ix) = 0 (**) 

is certainly untrue if a < so that there is a definite lower 
limit to the accuracy with which we can approximate to D(*) 
by simple increasing functions. It has also been conjectured 
that this lower limit represents the real truth, i.e. that (2) w 
true if a>J. But this has never been proved, and until 
comparatively recently the gap between the exponents J and 
J remained. 

It was in 1923 that a Dutch mathematician, van der Corput, 
showed that (2) is true for a value of a less than L in fact 
for any value of a greater than iVff. Quite recently, in 
Maihematiscke Annalen 98 (1928), pp. 697-716, van der Corput 
has produced a new version of his method, by which he proves 
that 

(3) d (flf)« O {*** (log 

This result is the furthest point which research has so far 
reached. 

The improvement of (3) over (i) may seem to be slight, 
the ft^ction |4, which is the important feature of (3), being 
much nearer to | than J. The reader who has not referred to 
the original papers can have no idea of the difficulty of obtain¬ 
ing even such small improvements. Even (1) is not exactly 
easy to prove, though several fairly short proofs of it are now 
known. The method by which van der Corput obtained his 
first result has been described {by Littlewood and Walfisz, 
Proc. Royal Soc., A 106 (1924), 478-88) as " probably the most 
formidable argument in the whole of pure mathematics." 
Anyone who knows the analytic theory of numbers at all will 
realise that this does mean something. As to the later paper, 
it seems to preserve the characteristic difficulties of the method. 
1 do not claim to have mastered this or indeed any of van der 
Corput's works, and the reader had best be spared any attempt 
at apopular version of the proof. 

There is another problem like Dirichlet’s which has a similar 
history, viz. the problem of the number R{x) of lattice points 
in the circle of radius x. A first approximation b given by 
the area of the circle, and we obtain 

R(2r) — war + 0(a*). 

The error term here, which we denote by P(jr), is just as 
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mysterious as the d (x) of the previous problem, and its history 
is substantially the same, ^veral comparatively straight¬ 
forward proofs are known of the result that 

P(x)-^ 0 (x*), 

and we know, on the other hand, that this exponent | cannot 
be replaced by any number less than J, Beyond this progress 
is extremely difficult. Van der Corput established the existence 
of a number 0 less than i such that P(x) = 0 (a::*). It was in 
connection with this problem that Littlewood and Walfisz 
remarked on the difficulty of van der Corput’s method, and 
gave a proof of the equation 

where « is arbitrarily small. They gave their method princi¬ 
pally because " it will be found that the proof ... is both 
reasonably short and not impossible to grasp in its entirety." 
Van der Corput’s new method has now been used by Nieland 
MathematisMe Anncden, 98 « 1928, 717-36, to show that 

P(*) = 0 (a:«). 

There is one curious thing about these problems. Taking the 
problem of A{x) for example, all known methods depend on 
obtaining an inequality for the modulus of a sum of the form 

fl m n' 

The behaviour of these sums is extremely complicated, and 
much of the difficulty of the proof lies in dealing with them. 
But van der Corput shows that, even if we could prove about 
these sums everything that can possibly be true, we should 
still only be able to obtain the result 

d (a?) — O (jp’^ log^ x), 

and the exact order of d{x) would still be undetermined. 
This seems to si^est that some completely new method b 
required before the problem can be solved. 

ProbUms kft by Ramanujan. —In 1927 the Cambridge 
University Press published the collected papers of Ramanujan, 
the Indian mathematician who became a fellow of Trinity 
College, Cambridge and of the Royal Society. This book 
contains one of the most remarkable collections of curious 
formulae that exbts. Ramanujan had amazing insight into 
the formal relations between such things as hypergeometric 
series, iirtegrals involving the f-function, and so forth. He 
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had, too, a love for the remarkable special case. He could often, 
apparently, obtain a general formula by some process of his 
own which he would have found it impossible to explain ; 
then, noticing a particularly elegant special case, he would 
present the astonished reader with this. Some of his formulae 
turn out to be fairly easy to prove, some extremely difficult. 
All have some point of interest which is well worth bringing to 
light. 

Since the collected papers appeared it has been a favourite 
occupation for mathematicians to construct proofs of 
Ramanujan’s improved formulae, and eight papers by vairious 
authors have recently appeared in the I.ondon Mathematical 
Society’s Journal on topics suggested by Ramanujan. I 
propose to devote the remainder of this article to an account 
of them. 

The first paper, by C. T. Preece, London Math. Soc. Journal 
8 (1928), 212-16, deals with the values of certain definite 
integrals. A typical formula is 

f“_ dx It 

J»(i +**) (i + rV) (i + r'x*) .. .‘’2(1 + r + r‘ + r* + r** + ...) 

where i, 3, 6, 10, . . . are sums of natural numbers. This 
is proved by obtaining a recurrence relation between the 
integrals I« obtained from the above integral by terminating 
the product at the factor 1 + r*" id ; we can then evaluate I» 
and proceed to the limit. This formula is connected with the 
theory of elliptic functions. Another curious result, typical 
of much of Ramanujan’s work on integrals, is that 


tan" 


_ 2 nz dz 

n‘'+ a:’ — a* e*”— i 


can be found exactly (t.e. it is an elementary function of x) 
if 2« is an integer. This can be deduced from Binet’s well- 
known formula for log f («)• 

The next paper is by I^of. G. N. Watson, ibid., pp. 216-225, 
and deals with the summation of series. Many of Ramanujan’s 
formulae can be proved fairly simply by means of complex 
integration and the theorem of residues, though this is not the 
way in which Ramanujan himself is supposed to have found 
them. His favourite method was the use of Fourier int^als 
and their related formulae. 

The first formula dealt with is 


* * 


|(log2)*-?^l0g2+l+|, + l + 


• « f 
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This is a special case of a functional equation satisfied by the 
iction « . 


function 
viz. 


4 >(x) 




* T§ 

1 i) + ^ I - ^ 0 “ log (I - «) 


+ ~ Hog (i - a:)}* {log (i -ar) - 3 log x\. 

This can be proved by expressing <f>{x) as an integral and 
submitting it to various transformations. 

Another series summed by Ramanujan is 


,u 2“ 3“ I 

- ', ^ 4-. - J-3-1 

«•*-I I «•'-I ^ ‘ ' 24 * 


This is connected with formulse in the theory of elliptic functions. 
It is a special case of the formula 


(A) 



8m + 4' 


where B, . . . are Bernoulli's numbers. Another series which 
no one but Ramanujan would have summed is 


coth n coth 2iT coth 3Tr 

_ . 4 . . . 4 . - 4 . 


3 ’ 


A 25 ! . 
56700 


It can be proved by integrating coth zn cot en • round a 
suitable contour ; it is not easy to imagine how Ramanujan 
could have obtained it, if he did not use contour integration. 
There are numerous other results of the same kind. 

The next paper, by G. Szego, ibid., 225-32, deal with the 
following problems, which were set as questions by Ramanujan 
in the Journal of the Indian Mathematical Society. 

I. Show that if is a positive integer 


as 



■ »*.»**. 

1 + + + . 


, n*e 

+ nf 


where B lies between ( and i. 

2. If « is positive show that 


n w + I 


I * X 1 4’ I 5’ , 

++7)i+(i^+Yy+(i-+ 4)' r« Yi? + • • • 


and find approximately the difference when n is great. Hence 
show that 


r.+' 




4* 


- 4 .—2-L 


1001 ■ 1002* ' 1003* 1004* 

is less than i/iooo by approximately io~** 
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3, If #(*)-«—+*j «"“ + ^ + ^ + . 

show that ♦(*) = I when x lies between o and i, and that 
#(*)+ 1 when x> 1. Find the limit of {#(1 +«) - as 

*-►0 through positive values. 

Ramanujan gives a partial solution of (i), proving that 
^(®) = and that as »*-*-oo. The other two problems 

have not yet been attacked. Szego gives fairly simple proofs 
of all three results. 

Ramanujan's intuitions were usually correct, but he was 
sometimes led astray by false analogies. 1^,^ note entitled 
“Two assertions made by Ramanujan,’’ ibid., ■pp. 232-37, 
Miss G. K. Stanley considers two formulae which are only 
partially correct. If B(x) is the number of numbers less than 
X which can be represented as the sum of two squares, 
Ramanujan says that 



where C is a constant, for ail values of r. This formula was 
no doubt constructed by analogy with the well-known formula 
for it{x), the number of primes less than x. It gives a correct 
first approximation to B(:r), but the approximation is not 
nearly so close as Ramanujan supposed. Actually the result 
is false if r > |, and the true theorem can be written in the 
simple form 

The second assertion of Ramanujan is about the coefficient 
r{n) of »" is the expansion of 

*{(i -x){\- X*) (i - X*) .. 

Ramanujan dealt with various congruence properties of t(w), 
and considered in particular the number T(*) of numbers n 
not exceeding x for which rM is not divisible by $. The 
real asymptotic formula for T(«) is 

Ramanujan supposed that a better approximation could be 
obtained by replacing the first term by an integral, as in the 
formula for B(x). Mbs Stanley shows, however, that this is 
not so. 

In the next note, “ A Formula of Ramanujan,” ^bid., 
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aiS-vP, Prof. G. H. Hardy states that, since the formula (A) 
above was proved by Prof. Watson, he has discovered among 
Ramanujan’s manuscripts a more general formula, viz. 

.•{i «I - 2h) + = (-<!)• |k( ■ - 24) + 

Here k is an integer greater than i, a and p are positive, and 
a,fi =• IT*. If k is odd and a « both sides vanish and we obtain 
a result equivalent to (A). Two proofs are given, one depend¬ 
ing on the inversion formula of Mellin, and the other on the 
formula of Poisson in the theory of Fourier integrals. 

The next paper, by T. Estermann " On the divisor problem 
in a class of residues," ibid., 247-50, Ls connected with the 
problems discussed in the first part of this article. Suppose 
that instead of considering the divisors of all numbers less than 
X, we only consider the divisors of numbers in a certain 
arithmetic progression, say the progression whose general 
term is mv + c, where v and c are given integers, and 
m — I, 2, . . . It was stated by Ramanujan, without any 
proof, that 

+ c) — at{v)ft (log « + 27 — i) + Pc{v)n + O (nl log n) 

where the coefficients a,(w), /?«(»), depend on v and c only, and 
are defined as the coefficients of v~‘ in certain Dirichlet series. 
The particular case v => i, c =• o is Dirichlet’s divisor problem 
already considered. The object of Estermann's paper is to 
prove this formula as far as the first two terms are concerned, 
without attempting to obtain the best possible result for the 
error terms—in fact he only proves that it is 0 {y/n). The 
proof is quite elementary. There is, of course, little doubt 
that, once the first two terms have been disposed of, we could 
prove about the error term in the general case precisely the 
same results asein the particular case « = i, c «= o. 

Another paper by C. T. Preece, ibid,, pp. 274-82, deals 
with some more transformations of series and integrals. The 
first formula proved is 

fl _I_, I_ \ j_1 I * 

’^(2~^i+V3 Vi+Vs '' 'J *Vi iV3 sVs 

If we transform the left-hand side by writing i/(V* + Vi) 
-KVa-V i), etc., the formula takes the form 

it(i - V3 + Vs - . . - *"*'* - 3“*'* + S’"* - .. . 
and is now easily recognisable as a particular case of the func« 
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tional equation of the function JL(s) — i~*-- y* + 5“* — . . 
viz. that if 

f(s)-(!)-«•*» ril<s+l)|£(s) 

then f(s) ~ f(i — s). 

A curious formula on the multiplication of power soies is 
that 

* (il 2 l)‘'^( 2 l 4 I)’ (3l6!)*^'-* 

This is proved by constructing differential equations satisfied 
by the various functions. 

Proofs are also given of a number of curious relations 
between definite integrals, e.g. 


cosh ax 


if o/J “ n, and 




cosh fix 




in equal to a similar expression in if afi =» ir*. These can all 
be proved by means of Fourier integrals. 

The last paper by Prof. G. N. Watson, ibid., pp. 282-89, 
is on “ Approximate Integration and Summation of Series." 
Two typical results are the asymptotic formulae 

1* log 1 + 2* log 2 + . . . + a:* log X 

-i4*+l)(22:+i)log2:~'*'+^J^.(jj + ^,+ ...)+-^+. . . 

and 


where 0 vanishes when 2: -► 00. 


The former is obtained by a straightforward application 
of Plana’s theorem. The latter can be deduced from Barnes's 
asj^ptotic expansion of generalised hypergeometric functions. 
It is a particular case of the formula 
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Thefe are two particular cases, m i and /» » $, in which the 
third term in the bracket vanbhes, and the first two terms give 
a better approximation than one would normally expect. If 
“ I the left-hand side is simply and the whole bracket is 
identically equal to i. The really interesting case is therefore 
ft — 5, and it is this that Ramanujan selected. 

ASTBOVOMT. By W. M. Smakt. M.A., D.Sc., Observatory. Cambridge. 

An important publication from the Royal Observatory, 
Greenwich, is entitled, “ Observations made with the Cookson 
Floating Zenith Telescope in the years 1919-192 7 for the 
determination of the Variation of Latitude and the Constant 
of Aberration.” The instrument to which reference is made 
in the title is the Zenith photographic telescope designed by the 
late Mr. Bryan Cookson ; it was presented to Cambridge 
University Observatory and in 19 ii loaned to the Royal 
Observatory for a period of 7 years, which has been subsequently 
extended. The volume deals with the second period of 7 years. 
The use of levels as in the ordinary Zenith instrument is avoided 
by carrying the rotation axis on an iron ring which floats in a 
shallow annular trough of mercury. The instrument can thus 
be quickly and easily rotated through an angle of 180°. The 
range in the variation of latitude at Greenwich during the period 
under consideration is just a little over half a second of arc, 
corresponding to a change in the position of the earth’s pole 
of about 50 feet ; this result alone is sufficient to demonstrate 
the precision with which observations can be made with the 
instrument. The principal results for the period 1919-27 
are, first, the observed minute changes in the latitude of 
Greenwich which are compared, in the volume, with the corre¬ 
sponding Japanese results obtained by Prof. Kimura and, 
second, the determination of the constant of aberration to be 
2o'''447 which differs only by 5 in the last place from the 
result obtainec^in the first period of 7 years. From the aberra¬ 
tion constant and the values of the velocity of light, the 
equatorial radius of the earth and the sidereal year, the solar 
pirallax is found to be 9**815, which is about 0*1 per cent, 
higher than the best observed values for this important constant. 

In Bulletin of the Astronomical Institutes of the Netherlands 
Dr. J. H. Oort contributes an interesting paper Dynamics of 
the galactic system in the neighbourhood of the sMn. The work 
of Oort, Lindblad, Charlier and J. S. Plaskett has indicated— 
it would seem, conclusively—^that the more striking peculiarities 
in the motions of the stars can be explained in terms of the 
simple hypothesis that the galactic system is in rapid rotation 
about an axis popendicular to the plane of the Milky Way 
and situated at a considerable distance from the sun in the 
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direction of the centre of the system of globular clusters. 
UtiBsii^ radial velocities, Oort had found—and his results 
were later corroborated by Plaskett—that the position of the 
sun in the galactic system is markedly eccentric and that the 
direction of the centre is in the galactic plane and in galactic 
longitude 325®, which is almost identical with Shapley’s result 
for the centre of the globular cluster S3rstem. The hypothesis 
of galactic rotation being granted, the stellar group in the 
vicinity of the sun will consequently be moving, with reference 
to the centre of the galaxy, at right angles to the direction 
just mentioned, towards galactic longitude 55®. In the present 
paper, Oort first considers the velocity of escape from the stellar 
system. If it is presumed that the galactic system as a whole 
contains few stars whose velocity exceeds the velocity of 
escape, then it is clear that the motions of stars exceeding a 
particular limit should not be directed towards a sector of 
the Milky Way around galactic longitude 55°. Previous 
considerations have suggested that the limiting velocity is 
about 65 kilometres per second, and Oort, in a diagram, shows 
that when the directions of the high-velocity stars are plotted 
in galactic longitudes there is a definite quadrant around 55® 
which is avoided completely. Further corroboration of the 
centre of the avoided region is obtained from a study of stars 
with large radial velocities for which no reliable space-motions 
can be calculated. The evidence of the connection between 
the motions of the high-velocity stars and the presumed 
rotation of the galaxy is striking. Oort goes on to discuss 
mathematically the steady state of a rotating galaxy and his 
theory gives a qualitative explanation of the general 
phenomenon of star-streaming in the galactic plane, the vertex 
of star-streaming being situated not far from the direction of 
the centre of the galactic system.- The theory gives the ratio 
of the galactic axes of Schwarzschild’s velocity-ellipsoid, which 
is somewhat laiger than that derived from observations, but 
the results can be reconciled by increasing the distance of the 
galactic centre (previously derived from a study of the rotation) 
to a value which is close to that assigned by Shapley from 
his studies of the globular clusters. 

In Publications of the Dominion Asirophysical Observatory 
(Victoria, B.C.), Vol 4, No. 4, J. A. Pierce and S. N. Hill give 
useful graphs for obtainii^ rapidly for any star the position 
angle and distance from the solar apex and also the galactic 
co-ordinates. The position of the apex adopted is R.A. 271*, 
Declination + 28® ; this position is that derived by Gimpbell 
and Moore from the Lick radial velocities of 2119 stars and by 
R. £. Wilson frt>m the corrected proper motions of the Boss 
stars. 
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F. E. Ross contributes an interesting paper on “ Photograpbs 

Venus/' in Contributions from Mount Wilson Obssrvatory, 
No. 363 {Astrophysical - Journal, Vol. 68). The layman is 
generally greatly surprised that the modern astronomer who 
revels in thousands and millions of light-years has hitherto 
made comparatively little progress in his exploration of some 
of the heavenly bodies, figuratively speaking, on his doorstep. 
The study of Venus is a case in point. The rotational period 
is not known with anything approaching accuracy ; various 
estimates ranging from a few days to 225 days (the period of 
revolution around the sun) have been given at different times. 
The explanation of the failure, by visual observers, to determine 
a definite period for the rotation of the planet lies in the almost 
complete absence of surface markings. The axis of rotation 
is equally a matter of uncertainty. In this paper. Dr. Ross 
gives an account of a photographic programme carried out at 
Mount Wilson in the summer of 1927. The planet was photo¬ 
graphed, by means of a special enlarging camera attached to 
the 60-inch or to the loo-inch telescope, through different 
colour screens. This was the procedure adopted by Mr. W. H. 
Wright in his well-known and striking work on Mars during 
the favourable oppositions of 1924 and 1926. It may be 
recalled that the ultra-violet photographs of Mars showed not 
a vestige of detail with the exception of the polar cap, while 
the red and infra-red photographs revealed the markings 
familiar to visual observers. Wright’s interpretation is that 
the ultra-violet photographs refer to the upper strata of the 
Martian atmosphere while the infra-red photographs depict 
the surface markings. The photographs of Venus secured 
by Ross (a selection of these are beautifully reproduced) are 
exactly the reverse in character ; the long-wave exposures 
(the red and infra-red) show no details, while such markings 
as there are appear on the ultra-violet photographs ; photo¬ 
graphs in blue, light give rather weak details. Ross interprets 
the phenomena as follows ; the outer layer of the planet’s 
atmosphere is composed of a thin stratum of cirrus clouds, 
while the inner atmosphere is supposed to be exceedingly 
dense and yellowish. The markings shown in the short-wave¬ 
length photo^aphs represent atmospherical disturbances high 
up and visible either as dark areas or as regions of enhanced 
tnilliance, depending on the character of the disturbance. 
The photographs show pretty consistently that the bright 
areas occur near the cusps, from which it is inferred that the 
poles are in the neighbourhood of the cusps. The dark areas 
are generally in the form of bands presumably parallel to the 
{Ahmet's equator. The author points out that the atmospherical 
changes are rapid, from which it may be reasonably deduced 
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that the rotation period must be very much shorter than the 
orbital period of 225 days. On the other hand, the spect^* 
scopic evidence is against a rotation period of a day or so with 
some indication, however, that it is probably of the order of 
20 days. Ross considers a compromise of 30 days not unreason¬ 
able in view of all the uncertainties in which the problem has 
been hitherto shrouded. The photographs enable the diameter 
of the planet to be measured ; the linear diameter comes out 
to be 7,650 miles ; the mean density, the planet's mass being 
derived by gravitational methods, is 0*92 times that of the 
Earth, a value rather higher than that determined from previous 
work. The paper includes a large number of references to 
the work of other observers, visual, spectroscopic and radio- 
metric ; this constitutes a valuable addition to the paper. 
It may be added that to the best of Ross’s belief the nrst 
photographs of markings on Venus were taken in 1921 by Mr. A. 
Rordame in full daylight on ordinary commercial film through 
a yellow screen. 

In Harvard College Observatory Bulletin, No. 862, Dr. H. 
Shapley withdraws a suggestion, made with evident conviction, 
to which reference was made in the previous number of 
Science Progress. Shapley had announced that microphoto¬ 
meter tracings of early type spectra show'ed unmistakably 
a shallow absorption band around A 4180 which he attributed 
to cyanogen. As cyanogen could not possibly be a constituent 
of the atmospheres of these very hot stars, he attributed the 
or^in of the band to in-falling meteoric and cometary bodies 
which are known to be rich in cyanogen. Shapley now says ; 
“ The attribution I now believe to be wrong and withdraw it. 
Although the band may receive in some stars a small contribu¬ 
tion from meteoric cyanogen, as 1 suggested, the major part 
must be otherwise explained ; but whatever the cause the 
observed irregularities in curves of background intensity are 
serious for accurate temperature work on early class stars and 
possibly disturbing also in studies of the contours of wide 
Knes.” The origin of the band has now been traced mainly 
to absorption in the i i-inch object glass of the Draper refiiactor, 
with possibly less important contributions from the glass 
objective prism. 

Astronomische Nachrichten Bd. 234 (17), No. 5609, contains 
an interesting article by A. Markov, of Poulkovo Oteervatory, 
on “ The nature of spiral and gaseous nebulae." The expen- 
mental groundwork is the determination of the surface bright¬ 
ness of the nebulae. The in-focus image of a nebula and the 
out-of-focus images of neighbouring stars are obtained simul¬ 
taneously by a simple device. From the latter the retetive 
br%htness of the nebula is first obtained. Then 1^ way of 
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the known absolute brightness of the solar surface, the sun’s 
stellar magnitude, and the magnitudes of the comparison stars, 
the absolute brightness of the nebula’s surface is deduced. 
This has been done by the author for 19 nebulae, spiral and 
gaseous. A calculation based on the most up-to-date informa¬ 
tion concerning stellar density is then made to obtain an 
estimate of the surface brightness of our galaxy as seen from 
a point outside. The author’s results are now indicated ; 
the values of the absolute surface brightness of the spiral 
nebulae are so great that they cannot be considered as clusters 
of cosmic dust, the visibility of which might be explained by 
the reflection of light from the galactic stars, a theory put 
forward some years ago by F. A. Lindemann, which was 
intended to explain the recessional velocities of many of these 
objects as the result of light pressure from the galaxy. The 
great nebula in Andromeda seems to stand out apart from its 
fellows and, according to Markov, cannot be regarded as a 
t5rpical spiral; its surface brightness is over 12 times the 
average brightness of the spirals studied and is 76 times the 
surface br^htness of the galaxy. This latter result, depending 
as it does on a calculation in which the data cannot be regarded 
as unassailable, is quoted for what it is worth. If it is some¬ 
where near the truth, we shall have to admit that our galaxy 
is but a very average one after all; but as we are getting used 
to yet more numerous indications of our insignificance, this 
last blow need not evoke more than a passing regret. Dealing 
with the gaseous nebulae, Markov finds that the photographic 
surface brightness is lower than the visual brightness and, 
photometrically, is of the same order as the luminescence of 
radio-active substances and of phosphorescence. Markov, 
however, concludes that the observational material so far 
obtained is still insufficient for the solution of the problem 
concerning the nature of the radiation of gaseous nebulae. 

JPXmOS. By L. F. Bates, B.Sc., Pb.D., F.Inst.P., University College, 
London. 

Cosmic Rays .—We have often discussed in this section the 
important e^eriments of Millikan and his collaborators on 
the penetratiik radiations known as cosmic rays. The origin 
of these rays forms the subject of another paper by Millikan 
and Cameron (Phys. Rev., vol. 32, p. 533, 1928). So far, the 
experimental results indicate that the cosmic ray spectrum 
consists of two main sets of bands nearly three octaves apart. 
The set of longer wavelength is responsible for most of the 
ionisation in the atmosphere and has an absorption coefficient 
of 0*35 per metre of water. The set of shorter wavelength 
can be resolved into two bands with absorption coefficients 
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of o-oS and 0*04 respectively, the ionisation due to t^ second 
band being al^ut twice that of the first. Millikan and 
Camoron start with the idea that these bands of cosmic rays 
are due to some nuclear acts or transformations which result 
in the liberation of sharply defined quantities of energy. 
Applying the Einstein equation, E «= m • c*, where E is the 
energy of the cosmic radiation quantum in ergs, m is the loss 
of mass in grams which occurs during a transformation and 
c is the velocity of light, they come to the conclusion that the 
transformations responsible for the emission of rays of 
the enormous penetrating power observed, correspond to the 
creation of atoms of helium and oxygen from hydrogen nuclei, 
and of atoms of silicon and iron from helium nuclei. 

Let us see how these deductions are made. From Aston’s 
mass spectrograph or packing fraction curve (Proc. Roy. Soc., 
vol. IIS, p- 487, 1927) the authors show that only yeiy heavy 
and relatively rare atoms can be considered to disintegrate 
with the ejection of o-rays and evolution of energy. They 
calculate, with the aid of the Einstein equation, the energy 
set free by the a-ray disintegration of an atom of thorium, and 
find that within reasonable limits it is equal to the maximum 
energy of the emitted a-ray, a result which inspires confidence 
in the application of this equation to such cases. The chief 
point of interest, however, which emeiges from the examination 
of radioactivity data is that no radiation of eneigy greater 
than that corresponding to the fall of an electron through a 
potential difference of about eight million volts can possibly 
be emitted by radioactive sources known to us. Now, the 
most penetrating cosmic ra3rs possess energy equal to that 
acquired by an electron falling through a potential difference 
of two hundred and sixteen million volts, ^ain, further 
examination of Aston's curve shows that the cosmic raw 
cannot arise from the formation of heavier atoms by tne 
addition one by one of protons to the nuclei of lighter atoms. 
Even in the most favourable case, namely, the formation of 
the nucleus of carbon by the addition of one proton to the 
nucleus of boron, the energy released would give rise to radiation 
outside the region of the cosmic rays. A similar conclusW 
is formed when the formation of a heavier nucleus by the 
addition of one helium nucleus to another lighter nucleus is 
considered. But does there exist radiation corresponding to 
the formation of atomic nuclei in the manner we have just 
considered ? The answer is that the experiments of Millikan 
and Bowen, made with sounding balloons which were flown 
very high, showed that no strongly intense radiation of 
penetrating power intermediate between that of the hardeet 
y-nys and tMt of the observed cosmic rays entered the earth’* 
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atmosphere. Such atom building acts must therefore be very 
infrequent. 

Now, the outstanding fact of cosmic radiation is that most 
of the cosmic radiation in the upper atmosphere has an 
absorption coefficient equal to 0*3. From a formula given by 
Dirac {Proc. Roy. Soc., vol. in, p. 423, 1926) it is possible to 
calculate the absorption coefficient of radiation of frequency 
correspionding to the formation of a helium nucleus from four 
protons, and it is found to be 0-3. From a theoretical point of 
view the formation of helium from hydrogen is the most likely 
act of atom-building, and the intense long-wave cosmic radiation 
appears thus to be accounted for. The cosmic radiation of 
shorter wavelength has now to be explained. To do this, 
Millikan and ^meron consider that Bowen’s discovery 
{Asirophys. Joum., vol. 67, p. i, 1928), that nebulium consists 
of oxygen and nitrogen, proves that these two gases are 
extremely plentiful in the heavens, and consequently radiation 
corresponding to the creation of oxygen and nitrogen (and also 
carbon) should exist. According to Dirac’s formula the radia¬ 
tion arising from the energy released in the formation of 
oxygen or nitrogen by the sudden combination of the requisite 
number of protons, possesses an absorption coefficient of o*o8, 
and thus the occurrence of another band of cosmic rays is 
explained. To explain the remaining band of radiation the 
authors, from consideration of the relative abundance of the 
elements known to us, show that there are no elements between 
oxygen and iron which by sudden formation from protons would 
produce radiation of appropriate intensity except silicon, and its 
neighbours. From Dirac’s formula the radiation accompany¬ 
ing the formation of a nucleus of silicon from protons possess^ 
an absorption coefficient of about 0*41. The quantum of this 
radiation should possess energy corresponding to the fall of 
an electron through a potential difference of two hundred 
and sixteen million volts, and thus the band of radiation of 
highest penetrating power is explained. If the silicon nucleus 
were formed by the simultaneous union of seven helium nuclei, 
a radiation of penetrating power about equal to that of the 
radiation liberated by the formation of helium from hydrogen 
should be produced. The authors also calculate the energy 
liberated by the formation of iron, which is relatively abundant 
in the universe, and show that it would correspond to cosmic 
radiation of absorption coefficient 0*019, which cannot be 
detected as the experimental mass-absorption curve does not 
possess sufficient resolving power in this r^ion. Assuming 
that cosmic radiation is due to the creation of helium, ox^en, 
silicon and iron at rates directly proportional to the relative 
masses in which they occur in nature, the authors construct a 
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theoretical curve which shows the ionisation due to cosmic 
radiation at any depth expressed in equivalent metres of water. 
Although this curve may not be of any great importance, it is 
to be noted that it fits the experimental points remarkably well, 
and it may therefore be taken as evidence that the four elements 
helium, oxygen, silicon and iron are all that are required to 
account for the cosmic ray curve, and also as evidence of the 
direct formation of iron from hydrogen. Of course, it b very 
difficult to understand how such a large number of protons and 
the necessary number of electrons can come together suddenly 
to form a complex nucleus. Firstly, there is the problem of 
chance, which is in a way quite familiar to chembts interested'' 
in the formation of complex molecules. Secondly, there is 
the question of the enormous amount of work required to 
, bring protons to within the minute distances of each other 
favourable to atom-building. This work is so great that high 
temperatures, even of the hottest stars, cannot be expected 
to help the process much. The authors appear to find an 
escape from these difficulties by assuming that these building 
processes are rendered possible under the unloiown conditions 
of low temperature and density of interstellar space, which 
may permit a kind of loose clustering of a number of protons 
which may precede the formation of a complex nucleus. It 
is interesting to remember that Eddington and Jeans, in order 
to account for the huge energy output of the stars, have 
suggested that the source of stellar heat lies in the annihilation 
of matter, i.e, an occasional proton suddenly transforms its 
entire mass into radiation. This type of radiation would be 
about four times as hard as the most penetrating cosmic 
radiation definitely recorded. The fact that it is not detected 
experimentally, however, does not trouble us, for it b clear 
that if the annihilation process occurs inside a star, then the 
energy of the radiation is dissipated as heat long before it 
reaches the exterior portions of the star. ^ we now have 
two processes to consider, atom-building in interstellar space, 
and atom-annihilation inside the stars. According to Millikan 
and Cameron we may imagine a kind of cycle as follows. The 
protons and electrons which exbt in great abundance in 
mterstellar regions condense into atoms under the peculiar 
conditions reigning in these regions. These atoms move under 
the influence of gravitational forces to the stars. Here under 
the peculiar conditions of huge temperatures and pressures, 
an occasional proton, perhaps forming a part of the nucleus 
of a heavy atom, transforms its entire mass into radiation to 
supply the heat and light emitted by the star. This cycle b 
clearly incomplete. If the atom-building processes have been 
going on for ages in the interstellar regions, why are there an]! 
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protons and electrons left there ? This suggests that to com¬ 
plete the above cycle we must assume that somehow or other 
the protons and electrons are being replenished throughout 
space by some unknown process, possibly the condensation of 
light into matter (as Sir Oliver Lodge once suggested at a 
Irtish Association Meeting). The evidence of the cosmic 
rays leads us to assume that this process only occurs under the 
conditions peculiar to interstellar space (where the protons 
formed would certainly not possess the kinetic energy corre¬ 
sponding to the temperature of the radiation), and hence, 
that under these large-scale processes the Second Ljiw of 
Thermodynamics is violated. But, be it noted, this new 
hypothesis means that if the universe is to be treated as a 
closed s^tem, then it will not take up at some future time a 
state of uniform temperature, but it is already in a steady 
state, and the “ Warme-tod ” or state of disappearance of all 
available energy is avoided. 

So far we have only given an uncritical description of 
Millikan and Cameron’s ideas, but it is well to pay attention 
to the solemn note of warning sounded by Sir Ernest Rutherford 
in his recent presidential address to the Royal Society {Proc. 
Roy, Soc., vol. 122, p. I, 1929). He points out that when we 
are dealing with the passage of ordinary X-rays through matter, 
they lose ener^ chiefly by the “ photo-electric ” process, 
i.e. by the transference of energy to electrons ; but with highly 
penetrating radiations the energy may be almost completely 
lost by a scattering process, which wc know as the Compton 
effect. The absorption coefficient for such radiation may be 
calculated from formulse due to Compton and to Dirac, or 
from the more recent formula of Klein and Nishina {Nature, 
Sept. 15, 1928), which is derived from the relativistic form of 
w«ve mechanics developed by Dirac. The three formula; give 
different results, and for radiations corresponding to 100 million 
volts the absorption coefficient calculated from Klein and 
Hbhiiui’s formuta is about five times greater than that given 
by the Dirac formula. Experimental evidence from gamma- 
ray sources indicate that Klein and Nishina’s formula is the 
most correct. Now, Millikan's results indicate that on the 
basis of this formula the most penetrating cosmic radiation 
should have an energy quantum of 940 million volts, which 
would correspond to the annihilation of a proton. This is 
very inter^ting, but Rutherford points out that it means the 
extrapolation oyer a range of energies of 1,000 million volts 
of a rormula which at present we can only hope to check over 
a range of 3 million volts. Again, in the scattering of highly 
pmetrating radiation may not the nuclear electrons take part, 
and may they not be liberated with sufficient energy to dis- 

38 
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integrate ^omic nuclei in their paths 7 Rutherford concludes 
by emphasising the need for much more exTOiimental evidence, 
possibly from the extensive use of the Wilson chamber or 
the Geiger counter, before we are in a position thoroughly to 
test the correctness of the interesting speculations on the origin 
of cosmic rays. 

The Raman Effect .—^The Raman effect was discussed in this 
section for the first time in the last issue of Science Progress, 
and we naturally expect a large number of new contributions 
to our knowledge of the effect. Three interesting papers are 
to be found in the Indian Journal of Physics (vol. 3, p. 105, 
1928). In the first of these papers S, Venkateswaran studies 
the effect in glycerine and glycerine-water mixtures. Glycerine 
is particularly important, because in addition to the modified 
lines and the unmodified lines of radiation scattered in its 
passage through the liquid, it exhibits a pronounced continuous 
spectrum. Venkateswaran shows that the differences in 
frequency between the modified lines and the exciting line to 
which they are due may be correlated with Pfund’s measure¬ 
ments Joum., vol. 21, p. 19, 1906), on the surface 

reflection of glycerine, in which definite maximum values are 
found. The scattered light is strongly polarised, and it is 
found that the degree of polarisation is very nearly the same 
for the modified and unmodified portions of the scattered 
radiation. The continuous spectrum is also found to be 
pronouncedly polarised, the degree of polarisation being very 
nearly the same as that of the unmodified or classical scattered 
radiation. In all cases the polarisation is independent of the 
wavelength of the exciting line. Now, the continuous spectrum 
is observed in imny liquids, even after the most careful 
purification, and in the case of glycerine it is definitely shown 
to be a characteristic of the pure liquid. In some unknown 
way, it appears to be connected with the viscosity of the 
glycerine, for it diminishes when the glycerine is diluted with 
water and when the temperature of the glycerine is raised. 
The second paper, by I. Ramakrishna Rao, deals with the 
Raman effect in crystalline ice and quartz, whilst the third 
paper, by L. A. Ramadas, deals with the effect in gases and 
vapours. In the case of ether the frequency differences between 
the modified and unmodified lines are found to be the same in 
ether liquid and ether vapour, within the limits of experimental 
error. This w an important observation because it indicates 
that the individual molecules alone are responsible for the 
effect in ether, and that the state of aggregation of the molecules 
has no bearing upon it. Thb is supported by the observation 
that the intensitv of the modified radiation is roughly pro¬ 
portional to the density of the fluid, liquid or vapour; on tbt 
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other hand, the ratio of the intensity of the unmodified 
radiation scattered in the liquid to that scattered in the vapour 
is much less than the ratio of the densities of the liquid and 
vapour. We must notice that there is no clash here with 
Venkateswaran's experiments on glycerine, because in the 
latter experiments the continuous spectrum of scattered 
radiation is the spectrum whose intensity appears bound up 
with the viscosity of the glycerine. 

Raman and Krishnan (Proc. Roy. Soc., vol. 122, p, 23, 1929) 
also describe experiments on the polarisation of the scattered 
radiation in benzene, carbon tetrachloride and amyl alcohol. 
They find that all the unmodified lines are polarised practically 
to the same extent, but, whilst the modified lines of the same 
frequency shift which accompany different incident lines are 
polarised to the same extent, they are polarised to a different 
extent than the unmodified line. Modified lines corresponding 
to different frequency shifts are polarised to different extents, 
the intensity of the weaker component varying from almost 
zero to 40 or 50 per cent, of that of the stronger line. Lines 
of greater frequency than the incident lines are polarised to 
the same extent as those of corresponding lower frequency. 
Little is said about the polarisation of the continuous spectrum 
of scattered radiation. It is, however, suggested that the 
continuous spectrum may be due to the combination of the 
incident frequency with the rotational frequencies of the 
molecules, the dense medium opposing such motions and thus 
assisting the emission of a continuous spectrum instead of a 
line spectrum. To explain the incomplete polarisation which 
is observed, the authors suggest tentatively that there are three 
principal directions in the molecule along which a given energy 
transition may occur, the probability of a transition being 
different in the three directions. If these directions and 
probabilities are also different for different energy transitions, 
then the differences in intensity and degree of polarisation of 
the modified lines may be explained. On the basis of this 
e^tplanation, the ratio of the intensity of the two principal 
polarised components of the scattered light can never exceed 
50 per cent., which is in agreement with the experimental facts. 

Do scattered X-rays exhibit the Raman effect ? In thb 
connection an interesting letter in Nature (Dec. 22, 1928), 
from Krishnan caUs attention to the work of Bergen Davis 
and Mitchell {Pf^s. Rev., vol. 32, p. 331, 1928). These experi¬ 
menters have found that the molybdenum Koj Tv.y% scattered 
firom graphite contain three new lines with frequency 
differences or shifts corresponding to changes in energy level 
of an electron by 279, 57 and 34 volts respectively. The 
first and last may be due to the removal of a K and Lx electron 
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respectively to an outer level in the carbon atom, and Krishnan 
suggests that 57 volts may be due to the similar removal of 
both the Lj electrons at the same time. 

The Raman effect in aqueous solutions forms the subject 
of a paper by Carrelli, Pringsheim and Rosen (Z«U. f. Phy$., 
vol. 51, p. 511, 1928). They find in the case of solutions of 
HNO„ NaNO„ NaNO„ NH«NO, and NH«OH, illuminated by 
light from a mercury arc, that typical Raman spectra are 
exhibited. All three solutions containing the NO, ion give 
lines with displacement frequencies of about 1040 cm."», 
corresponding to an infra-red wavelength of about 9*6 n. 
This agrees well with an absorption band found in solid NaNO, 
by Schaefer and Schubert (Ann. der Phys., vol. 55, p. 577, 
1918). Ammonia solution gives two frequency displacements, 
both a little over 3300 cm.~*, both of which may be associated 
with the NH, ion and one with the OH ion. It is noteworthy 
that solutions of NaCl and HCl show no Raman lines. Hence 
it is suggested that the Raman lines found in solutions corre¬ 
spond to vibrations of atomic nuclei within molecular groups in 
a crystal, and not to vibrations of the crystal lattice as a whole. 

The Charge on an Electron .—For many years the determina¬ 
tion of the charge on an electron or the fundamental unit 
of electrical charge, by Millikan, has been regarded as one of 
the most brilliant pieces of accurate experimental work, and 
the value 4774 X lo”** e.s.u. has been universally accepted 
as correct to a very high degree of accuracy. It is therefore 
with something of a shock that we learn that this value is now 
challenged. In the first place, Eddington (Proc. Roy. Soc., 
vol. 122, p. 358, 1929) draws attention to the occurrence of the 
number hcl2rt(^ in the equations of wave mechanics. The 
experimental value of this number from Millikan’s data is 
137-I. Eddington’s paper is very difficult to summarise, and 
we can only indicate that he takes as the basis of his arguments 
the Exclusion Principle of Fermi and Dirac. TThis principle 
describes a mutual interaction of two electrons. Eddington 
combines it with the theory of relativity and finds that the 
numerical coefficient in some of the terms, in the expression, 
which he suggests represents the whole of the interaction, is 
equal to 2vt^lhc and must be replaced by the numerical value 
*/i 36. Hence the theoretical value of hcj2n^ is 1 36, which differs 
appreciably from the experimental value. In his paper, 
Eddin^on also states that he has learnt that a recent determina¬ 
tion of e by Siegbahn gives a value 4792 x io~** e.s.u., but he 
has not verified tins information. The writer of this article 
has also heard this news, but he is not aware that the work 
in (question has yet been published. Its publication will be 
awaited with considerable interest on both sides of the Atlantic. 



ORGANIC CHEMISTRY 585 

OMAJnO OBUinniT. By J. N. E. Day, M.Se.. A.I.C.. Unhrenity 
Cdlflge. London. 

The demand for dyes of the cyanine group, for use as sensitisers, 
to increase the range of the photographic plate, has led to a 
considerable amount of work being carried out in this field of 
research. A summary of the methods of preparation of these 
dyes is given by,Hamer {J.C.S., 1927, 2796). 

Hamer has found that the yields obtained were greatly 
improved by the use of a basic solvent. As an example the 
preparation of 1 : i'-diethyl-2 : 2'-carbocyanine iodide, from 
quinaldine ethiodide and ethyl orthoformate in pyridine solu¬ 
tion, may be given ; 



Similar dyes, having a 4:4'- and a 2:4'-linking, are 
known. An example of the former linkage is given by krypto- 
C3ranine, i : i '-diethyl-4 ; 4'-carbocyanine iodide, which may be 
prepared from lepidine ethiodide and ethyl orthoformate 
(Adams and Haller, J.A.C.S., 1920, 42 , 2661 ; Mills and Braun- 
holtr, y.C-S., 1923,1^,2804; Hamer, i6»d., 1928, 1472). 



In this preparation a second dye, neocyanine, is also obtained in 
small quantities. Hamer (/oc. cii.), by using lepidine metho-/»- 
toluenesulphonate, and converting the resulting sulphonate into 
bromide, greatly increased the proportion of the neocyanine, a 
yield of 41 per cent, of neocyanine methobromide being 
obtained. Neocyanine ethiodide was obtained in a 26 per 
cent. ^ield. In the case of complex substances such as these, 
analytical results are not completely conclusive; but they 
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indicate that three molecules of lepidine alkyl halide react with 
one of ethyl orthoformate. The structure of this trilepidyl- 
methane derivative, however, is believed not to represent the 
constitution of neocyanine, which would be expected to have a 
similar structure to that of kiyptocyanine. It is therefore 
probable that this derivative loses two hydrogen atoms to give 
the neocyanine. Instances in which two hydrogen atoms are 
lost, during such cyanine condensations, are already known. 



(trilepidylmetliane derivative) 



(neocyaaine ethiodide) 


Other dyes with a substituent in the three carbon chain 
have now been prepared (Hamer, ibid., 3160), by condensing 
i-methylbenzthiazole alkyl halides with ethyl orthoacetate, 
of the general formula : 

S S 

\ lie / 

C:CH.C;CH.C 

/ 

R R X 




The addition of bromide to butadiene has been reinvesti¬ 
gated by Farmer, Lawrence and Thorpe {J.C.S., 1928, 729). 
They found that when bromine was added to the hydrocarbon 
dissolved in chloroform, hexane, acetic acid, or carbon disul¬ 
phide, cooled with a freezing mixture, a mixture of two di¬ 
bromides was formed. The first, an oily liquid, was found to 
be the 1 : 2-compound, as it gave an ozonide which on decom¬ 
position gave o^-dibromopropaldehyde and formaldehyde; 


CH.Br-CHBr-CH 




/ 


H-CHO+CH.Br-CHBr*CHO. 
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The second was a solid, and had the i : 4-constitution. Both 
these dibromides, on heating to 100°, gave an equilibrium 
mixture of the two, containing 20 per cent, of the 1 : 2- and 
80 per cent, of the i : 4-compounds. The percentage of the 
I : 4-compound obtained on bromination varied with the 
different solvents from 38*4 to 70. At room temperature, the 
I : 2-compound isomerised slowly, the change taking several 
days ; while at 100®, conversion took only a few minutes. 
Thus the i : 4-compound could not apparently be formed from 
the I : 2- during bromination under the conditions employed. 
It is suggested that an intermediate form may be represented 
by (a) which may either yield the i : 2-compound (b) or pass 
through (c) to the i : 4-compound (d). 


Br-Br 


(fi) 


H-C-CiCjCM 
H H H H 

I 

BrBr 

H:C:C:C|C:H 
’*H H H H 


Br Br 

♦ H:C:CiCiC:H , , 

. (e) 

H H H H 

i 

Br Br 

[A 

H:C:C;C:C:M 
H H H H 


Sah {J.A.C.S., 1928, 60 , 516) has extended the method for 
the preparation of esters of ortho-acetic acid, and has prepared 
the following ortho-acetates : trimethyl, dimethylethyl, methyl- 
diethyl, ethyldi-n-propyl, ethyldi-n-butyl. 

CH 3 CN + ROH + HCl CHgC: NHHCl 

OR 

CHaC:NHHCl-|- 2 R'OH NH 4 CI + CH 8 C(OR'). 

OR * OR 


Pseudaconitine. —Further work on this alkaloid has been 
carried out (Henry and Sharp, J.C.S., 1928, 1105 ; Sharp, 
ibid., 3094). These authors accept the formula C^HgiOuN for 
this substance, the constitution of which, as far as is known at 
present, is represented by: 


QgHu 


(0-CH,)4 

CH-OH 

N-CH, 

OH 

O-CO-CH, 

0*C0-C,H,(0- 


CH,). 
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An account of some oxidation products is |;iven. The structure 
of the nucleus, however, still resists elucidation. The wajr in 
which pseudaconitine, when heated above its melting^ point, 
loses acetic acid and forms p5rropseudaconitine, has been investi¬ 
gated. The results indicate that it is probably formed from an 
acetyl group and a hydrogen from a (remote) carbon atom 
forming a bridged linkage : 

CH3.CO.O.C C 

VC- + CH3.COOH. 

H.C.H 'C.H 

Selenobhen. —In view of the analogy between sulphur and 

CH:CH ' 

selenium, the preparation of selenophen, | /Se, is of 

CH:CH 

interest (Briscoe and Peel, J.C.S., 1928, 174 1,2514). It was 
obtained as a liquid b.p. i09-9‘’-iio-i° at 752*1 mm., on 
treating selenium with acetylene at 400“ and fractionating 
the distillate. Tetrabromoselenophen, C4Br4Se, and tetra- 
chloroselenophen, C4Cl4Se, which are white solids, have also 
been prepared. 

OBOXAOT. By G. W. Tykrell, A.R.C.Sc„ Ph.D., University, Glasgow. 
Sedimentation and Sedimentary Rocks. —Prof. R. M. Field has 
begun an extensive study of the marine carbonate sediments 
now in process of formation on the Great Bahama Bank (Amer. 
Joum. Sci., xvi, 1928, pp. 239-46). He thereby hopes to throw 
light on Palaeozoic stratigraphical problems, although he 
believes that modern coral reefs, with the exception of their 
lagoon facies, have little relation to Palaeozoic conditions, and 
are peculiar to Post-Palajozoic or even Post-Mesozoic times. 
The “ drewite,” or fine calcareous sediment, which forms in the 
lagoons, and which has been attributed to the action of bacteria, 
is clay-like in texture, and is exceedingly plastic. As none 
of its material is of land origin drewite consists of pure calcium 
carbonate. 

A very complete study of the marine chalks and marls of 
the Upper Tertiary (probably Pliocene) of the Moluccas, has 
been made by T. S. Hok {Jaarb. Mijn. Nederl. Oost-Indie, 
Verb, iii, 1926, 165 pp.). A review of this work appears in 
the Geol. Mag., Ixv, 1928, pp. 328-9. 

Prof. S. H. Reynolds has contributed a useful discussion 
and classification of breccias with special reference to British ‘ 
examples {Geol. Mag., Ixv, 1928, pp. 87-107). He recognbes 
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four dasses: breccias of sedimentary orimn; breccias of igneous 
origin ; breccias due to movement; and brecdas of chemical 
origin. 

A very comprehensive book on the origin of laterite has 
been published by H. Harrassowitz {Latent. Berlin : Geb. 
Bomtrasger, 1926, 311 pp.). Not only is laterite dealt with 
but also such cognate materials as bauxite, kaolinite, and 
fuller’s earth. The geology of these deposits has been kept 
in the forefront of the work. For a review see Journ. GeoL, 
XXXV, 1927, p. 748. 

A similar study of the laterite-bauxite series of deposits 
with bauxite, in this case, as the principal material, has been 
made by Dr. C. S. Fox of the Geological Survey of India 
{Bauxite. Lohdon : Crosby Lockwood & Son, 1927, 312 pp.). 
He deals with the geology of bauxite and similar materials, 
in the origin of which he stresses the r6Ie of colloids. The 
residual material known as terra rossa is also discussed. For 
a review see Gcol. Mag., Ixiv, 1927, pp. 381-2. 

In a detailed experimental study of bauxite {Min. Mag., 
xxi, 1928, pp. 407-30) Dr. T. V. M. Rao points out that laterite 
and bauxite are so intimately related that study of the one is 
impossible without reference to the other. As his work deals 
as much with laterite as with bauxite we may perhaps suggest 
that that fact should have been indicated in the title. This 
work has shown that bauxite is a definite mineral having a 
composition corresponding to a dihydrate of alumina. The 
process of lateritisation consists of the action of alkaline 
carbonates on the aluminium silicates of rocks, when hydrated 
aluminium carbonate is formed. This unstable compound 
breaks down into hydrated aluminium oxide, which is deposited 
in the form of bauxite. Together with the undecomposed 
residues of the original rock, this material forms laterites. 

Prof. G. Hicklin|; has made a study of the chemical relations 
of the principal vaneties of coal {Trans. Inst. Min. Eng., Ixxii, 
pL 5 » *927, pp. 261-81), with the object of ascertaining whether 
amongst the wid® range of chemical composition shown by 
coals, there are any compositions which, by special frequency 
of occurrence, point to the development of products of a more 
stable t3q)e ; or whether, on the contrary, there are no such 
predominating types. His results show that the long range 
of normal coal t3^es (excluding cannels, bogheads, etc.) has 
been developed by the progressive chemical alteration of 
essentially similar masses of plant materials. At the same time 
there have been considerable differences in the nature of those 
changes at different stages in the series. In the course of his 
work Prof. Hickling has developed very useful graphs illus¬ 
trating the chemicm composition of coal, which he sug^ts 
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could also be made to provide the best possible classification 
of coals. 

Dr. L. L. Fermor’s work on the relationship between the 
specific gravity and ash contents of the coals of Korea (Central 
Provinces) and Bokaro, and on coals as colloid S3rstems {Rec. 
Geol. Surv. India, lx, pt. 2, 1928, pp. 3 i 3 - 57 )» shows that these 
quantities are connected in the Korea coals by the relationship 

a = ioo{g — k), 

where a is the ash content, g the density, and k the density 
of pure ash-free Korea coal, taken as 1*29. Such a rule, if of 
general application, would obviously be of the first importance 
in prospecting, as the value of a coal could be obtained from 
its specific gravity as tested in the field. This rule was shown 
to be valid in assessing the values of the coals of the Bokaro 
field. 

Three macroscopically homogeneous substances make up 
the majority of the coals : the fundamental colloidal substance 
(bright coal, or vitrain), greasy-lustred dull coal (durain), and 
a micaceous carbonaceous shale. Dr. Fermor believes that 
coals of the vitrain-durain series can be treated as suspensoid 
colloid systems, in which the vitrain acts as the dispersion 
medium, the ash contents as the disperse phase (the suspensoid), 
and the vegetable detritus of the durain as a second disperse 
phase (coarse suspension). Vitrain itself is an emulsoid, or gel. 

Dr. W. H. Wong discusses the various classifications of coal 
which have been proposed on the basis of the available analyses 
of Chinese coals (B«//. Geol. Surv. China, No. 8, 1926, pp. 
33-55), and has invented a nomenclature, or rather notation, 
to designate the various kinds and ranks of coal. 

Prof. C. N. Kemp reviews the literature of the X-ray 
examination of coal sections {Proc. Roy. Soc. Edinburgh, 
xlviii, 1928, pp. 167-77), and describes the preparation of large, 
uniform, and comparatively thin slices of coal for radio^apnic 
examination, as this is the first step towards carrying out 
quantitative measurements and rendering valid comparisons 
possible. Sections of less than half an inch in thickness failed 
to show any advantages as regards detail over half-inch 
sections. Hence this thickness of section is utilised for general 
purposes. The paper is illustrated by a number of superb 
radiographs of coal. 

Prof. J. E. Marr has studied the deposition of the later 
Silurian rocks of the English Lake District {Geol. Mag., hdv, 
1927, pp. 494-500) as a continuation of his work on the 
condition of deposition of the Stockdale Shales (see Science 
Progress, Jan. 1927, p. 400). The sediments were deposited 
in a wide bay or gulf under relatively open-water conditions 



GEOLOGY $91 

in Valentian and Wenlock times, and under shallower 
conditions in Ludlow times. Actual coastal conditions, how¬ 
ever, did not appear till towards the end of the Ludlow. Many 
of the changes in the characters of the sediments were due 
to variations in depth and distance from the coast-line, but 
climatic changes probably also played some part. 

In his description of the Lower Carboniferous rocks of the 
Menaian region of Carnarvonshire {Quart. Journ. Geol. Soc., 
Ixxxiv, pt. 3, 1928, pp. 382-439), Dr. E. Greenly deals at 
length with the sedimentary petrology. The rocks consist of 
red and green breccias containing fragments of exclusively 
local derivation; “ loams,” a term implying pelitic accumula¬ 
tions which do not seem to have originated as muds ; con¬ 
glomerates, sandstones, shales, limestones, and cherts. The 
petrography of these rocks is described in considerable detail. 
Dr. Greenly discusses the oolitic structures found in the loams 
and breccia-matrix ; kaolinite ooliths also occur in the latter 
rock. The oxidation, reduction, and migration of iron in the 
loam-breccia formation, and the dolomitisation of the lime¬ 
stones, are also discussed. In a later section of the paper he 
discusses the sources and origin of the loam-breccia formation. 
The breccias are regarded as local talus, or scree, while the 
loam, of distant provenance, represents a wind-transported dust 
derived from lateritised shales. 

The lack of well-established seam correlations and re¬ 
cognisable fossil bands in the Coal Measures strata of Durham 
has led Dr. J. G. Kellett {Proc. Univ. Durham Phil. Soc., vii, 
pt. 4, 1928, pp. 208-32) to investigate the mineral contents 
of many of the rocks with a view to the recognition of definite 
horizons. Unfortunately, however, his work merely serves to 
establish the fact that the same parent-rocks have contributed 
the same mineral suite to the Coal Measures rocks throughout 
the whole period. The existing differences in the heavy 
mineral crops are due to differences in the grade-size of the 
constituents, and to varying relative amounts especially of 
the authigenous fhinerals. 

The Taveyannaz Sandstone, the geology and petrography 
of which is fully described by F. de Quervain (Schweiz. Min. 
Peir. Miith,, vih, 1928, pp. 1-86) is a member of the Helvetian 
Tertiary series occurring from the Rhine Valley to Dauphiny. 
It consists of clastic sediments, fine-grained and coarse-grained 
sandstones interbedded with coarse conglomerates. It is of 
singularly uniform composition, consisting mainly of lava 
fragments of andesitic characters, \rith subordinate fra^ents 
of granite, aplite, quartzite, limestone, sandstone, and clay- 
slate. The Taveyannaz Sandstone is regard^ as a true shore 
and shdif-zone marine sediment. The origin of the pre- 
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dominating lava fraspnonts is still uncertam, although Ni^li 
has pointed out thw chemical relationships to the granites 
and diorite of the Late Alpine stocks. 

Diamonds have now been found on the western coast of 
South Africa along a total distance of 500 miles. Their 
occurrence in the Namaqualand coastal region of Cape Colony 
has now been closely investigated by Dr. P. A. Wagner and 
Dr. H. Merensky {Trans. Geol. Soc. S. Africa, xxxi, 1928, pp. 
1-41). The diamonds occur mainly in raised marine shingle 
beaches ranging in age from Miocene to Pliocene, and con¬ 
taining a peculiar extinct oyster (Ostrea prismatica) which has 
served as a guide to the diamonds. Some of the gems may 
have been derived from known and unknown diamond pipes 
in the interior of the countiy, but the constitution of the 
parcels is, on the whole, so different from those of the known 
diamond pipes, that Drs. Wagner and Merensky prefer to 
believe that the diamonds have been derived from sources 
lying beneath the Atlantic waters off the coast of Namaqualand. 

The name melikaria has been proposed by F. A. Burt 
{Joum. Geol., xxxvi, 1928, pp. S39-44) for small, septaria-like, 
siliceous, vein-complexes of honeycomb form, wWch are found 
in the Quaternary deposits of Texas. They are not eroded 
septarian vein skeletons, as they appear to be at first sight, 
but have developed directly in the rocks through the medium 
of ground waters containing silica in solution. 

In an elaborate discussion of the styloliths and pressure 
cones (Druckzapfen) which are found in sedimentary, especially 
in calcareous, rocks, Dr. A. Kumm (Geol. Rundsck., xix, 1928, 
pp. 448-64) shows that the supposed plant fossil from the 
Wealden shales, described by Geinitz under the name of 
Guilielmites, is identical with undoubted pressure cones from 
the same formation. 

Two Mpers on the origin of pyrite in shales are presented by 
W. A. Tarr and H. E. Mathias (Journ. Geol., xxxvi, 1928, 
pp. 434~9» ,440“So)* Tarr deals with pyritisation in 

local reducing areas within the Pennsylvanian shales of 
Missouri. The replacement is believed to have been sjmgenetic, 
and to have taken place under conditions similar to those 
now found in limans. Mr. Mathias has studied the pyritic 
concretions of the Pennsylvanian shales of North-l^tern 
Mbsouri. They are also syngenetic, and have been precipitated 
in the same way as pyrites b at present being deposited on the 
sea floor in many localities. 

Dr. S. Tomkeieff dbcusses the origin of kaolinite-bearing 
nodules which occur in a fine-grained G>al Measures shale at 
Cow Gate, Newcastle-on-Tyne (Proc. Geol. Assoc., xxxviii, 1927,. 
pp. 518-47). The kaolinite fills up septarian fissures in the 
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nodults. As the nodules occur beneath a coal, an exogenetic 
origin for the kaolinite by the action of descending moor 
waters seems to be most feasible. Dr. Tomkeieff also discusses 
the origin of the shales and nodules, and the chemistry of 
kaolinite. 

In discussing desert mud cracks Dr. C. R. Longwell {Amer. 
Joum. Set., XF, 1928, pp. 136-45) mentions three common 
kinds : " mud-curls,” playa cracks, and mud cracks developed 
in argillaceous deposits on well-drained slopes. The last- 
named do not appear to be dealt with in the literature, and are 
mostly found in calcareous soils. 

Metamorpkism and Metamorphic Rocks. —Dr. C. E. Tilley 
has dealt vnth vesuvianite and grossular as products of region^ 
metamorphism {Geol. Mag., Ixiv, 1927, pp. 372-5), in which 
environment these minerals are much less common than in 
that of thermal metamorphism. The Loch Tay Limestone 
of the Perthshire Highlands provides excellent material in 
which this association can be studied under conditions of 
regional metamorphism. It is shown that these limestones 
occur in the almandine zone of metamorphism. 

The Shetland serpentines described by Dr. F. C. Phillips 
{Quart. Joum. Geol. Soc., Ixxxiii, 1927, pp. 622-52) occur 
mainly in the northernmost islands of Unst and Fetlar. The 
parent rocks are dunites, peridotites, pyroxenites, and gabbros. 
Autometamorphism in this series has produced the ser- 
pentinisation of the ultrabasic rocks, amphibolisation of the 
pyroxenes, and saussuritisation of the basic felspars. Con¬ 
temporaneous dynamic action was a contributing factor in 
these changes. Subsequent dynamic metamorphism has given 
rise ■ to talc- and anthophyllite-schists. Some chlorite-mag¬ 
netite-schists are ascribed to the alteration of adjacent sediments 
concurrently with the introduction of magnesia from the 
igneous rocks. 

In a paper entitled, " Petrographic Notes on Three Rock- 
types from the Shetland Islands,” Dr. F. C. Phillips {Geol. 
Mag., Ixv, 1928, pp. 500-7) describes an epidote- and allanite- 
bearing gT-anite, chloritoid-gamet-andalusite-schists, and a 
secondary seinpentine with kaemererite. The andalusite of the 
second-named of these rock-types developed at high temperature 
by granitic intrusion, and by later stress action it was broken 
into fragments. At thb stage the chloritoid was formed. 

In a paper on the nature and origin of the amphibole 
asbestos of South Africa, Dr. M. A. Peacock {Amer. Mineralogist, 
U, 1928, pp. 241-86) shows that the dominant variety of 
asbestos is blue crocidolite occurring in thin but extrasive 
qross-fibre seams conforming strictly to the bedding of the 
ironstones in which the mineral appears. The long-fibred 
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ash'grey asbestos, amosite, which is typically developed in 
ironstones within the contact aureole of the Bushveld intrusion, 
proved to be an orthorhombic amphibole with ferrous oxide 
as the dominant base. The banded ironstones are regarded 
as having originated as chemical precipitates of marine aepKwi- 
tion. All the constituents of crocidolite, except the soda, are 
present in adequate proportions in the ironstones. Cro- 
cidolitisation is conceived as a mild, static, non-additive meta- 
morphic process taking place within layers in the ironstone 
that are supposed to have been initially rich in soda. 

The grtinerite-bearing rocks of the Lake Superior region, 
described by S. Richarz {Journ. GeoL, xxxv, 1927, pp. 690- 
707), have been developed by the thermal metamorphism of 
sideritic and greenalitic cherts. In the metamorphosed 
sideritic cherts magnetite, garnet, and either quartz or calcite 
occur with the ^unerite; but in the greenalitic varieties the 
mineral association is griinerite, fayalite, and magnetite. 

In Dr. C. A. Matley’s paper on the Pre-Cambrian Complex 
and associated rocks of South-Western Lleyn (Carnarvonshire) 
{Quart. Journ. Geol. Soc., Ixxxiv, 1928, pp. 440-504) the chapter 
on the petrology of the metamorphic rocks has been vmtten 
by Dr. E. Greenly. The gneissic formation on the mainland 
includes acid and basic components, both of which are essentially 
similar to the corresponding gneisses of Anglesey. Numerous 
other rocks of the metamorphic complex are described, including 
grits, quartzites, green schists, jaspers, limestones, and a spilitic 
suite including spilitic lavas and tuffs, albitised dolerites, and 
basic schists due to the deformation of these rocks. The 
anamorphism of the complex is usually of a low grade, but some 
of the rocks of the lower part of the bedded succession are found 
in the higher anamorphic condition known in Anglesey as the 
Penm3aiydd zone of metamorphism. 

Dr. F. C. Phillips has shown that the thermal metamorphism 
of the Upper Devonian rocks of North Cornwall, due to the 
Bodmin Moor granite and traceable by spotting, b superposed 
on an earlier dynamic metamorphism which has given rise 
to phyllites containing white mica, chlorite, and chloritoid 
{Goal. Mag., Ixv, 1928, pp. 541-56). Analogous changes in 
the spilitic lava horizons have given rise to schists of the 
general type of prasinite. ' 

A bed of nodular shale 75 feet below the base of the Whin 
Sill, formerly described as a " spotted " metamorphic rock, 
b now shown by L. R. Wager to be a metamorphosed nodular 
shale, in which the nodules are similar to those in the under- 
lying Basal Carboniferous Conglomerate {Geol. Mag., Ixv^ 1938, 
pp. 88-91). The nodules were washed into, or formed m, the 
^^le when it was being deposited, and the whole rock was 
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later altered by the Whin Sill. It is, however, unusual to 
find igneous rocks of Whin Sill type exerting a metamorphic 
influence through 75 feet of intervening strata. 

G. Andrew has published two short papers on Donegal 
rocks, the first being a note on a basic intrusion into the 
Dalradian formation, which is regarded as one of the pro- 
totectonic sills connected with the Caledonian igneous and 
erogenic activity {Manchester Lit. Phil. Soc., Mem. & Proc., 
72 ,1928, pp. 205-19). This rock is a basalt or dolerite in which 
the original augites and ophitic texture have been preserved. 
The distribution of sills of this type may indicate the limits 
of the structural unit in N.W. Ireland which is characterised 
by this very low grade of metamorphism. 

The second paper deals with the contact phenomena of the 
Donegal Granite. Intimate lit-par-lit injection of the adjacent 
schists and the magmatic incorporation of schists with the 
formation of oligoclase-gneisses, is recorded. The phenomena 
accord well with those that have been described around the 
correlated Scottish and Scandinavian granites. 

^ interesting note by Dr. H. H. Read on the " ptygmatic 
folding ” of veins in the Sutherland granite complex {Summ. 
Prog. Geol. Surv. of Gt. Brit, for 1927, Part II, 1928, pp. 72-7) 
suggests that, unlike the ptygmatic veins first described by 
Sederholm, their tortuous character is original; they were 
never plane. Furthermore, they are true igneous injections 
and are not connected with any form of metamorphism. Their 
tortuous form is believed to result from the resistance to plane 
fissuring in the country-rock, a resistance arising from the 
mineral and structural habit of the rock. 

In a paper on the geology and petrology of the granitic 
pegmatites intruding the lYe-Cambrian basement of the 
southernmost part of Norway, Dr. T. Barth {Neues Jahrb. 
/. Min., Beil.‘Bd., Iviii, Abt. A, 1928, pp. 385-432) shows that 
the p^matite dykes always occur as intrusives in the more 
basic rocks, sueV as the amphibolites of Kristiansand and 
Iveland, and the anorthosites of Flekkefjord and Farsund. 

In a second paper under the same general title, “ Zur 
Genese der Pegmatite im Urgebirge,” Dr. Barth describes the 
syntectic rock-complex of Baneheia near Kristiansand {Chem. 
a. Erde, 4 , 1928, pp. 95-136). Amphibolite has been trans¬ 
formed to aueen-gneiss by the injection of a granite-pegmatite 
magma, whidi had gaseous and liquid phases. The process 
of alteration took place under high pressure, but at a tempera¬ 
ture not exceeding 500'’ C. It is described as anatexis, or 
palingenesis," involving re-solution but not re-meltii^ of 
^ ro^ under a deep-seated contact metamorphism. The 
invading pq^matite magma is regarded as the gaseous-liquid 
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fraction of the “ regional granitic shell ” of the earthy a material 
for which Sederholm’s term ichor is suitable. 

Drj^. Laitakari describes the palingenesis or re-melting of 
the Tarkki Granite (Finland), and its re-injection, at local 
contacts with diabase dykes (Fennia, 50, No. 35,1928, 25 pp.). 

An intensive study of the geology and petrography of the 
Fliiela group in Graubunden, Swiss Alps, has been carried out 
by A. Streckeisen {Schweiz. Min. Petr. Mitth., viii, 1928, pp. 
87-239). The greater part of the region dealt with is covered 
by the Silvretta nappe, which is a fragment of a basal complex 
folded in Hercynian times. This sheet consists of parallel 
zones of paragneisses and amphibolites, which are concordantly 
intruded by the two granites of FlQela and the MiSnchalp. 
The paragneisses, besides the usual quartz and felspar, contam 
garnet, staurolite, kyanite, sillimanite, andalusite, and tour¬ 
maline. The six first-named minerals are due to the Hercynian 
stress phase, the andalusite and tourmaline to the succe^ing 
granitic intrusion phase. The gneissification of the granites 
represents the final act of the Hercynian folding. The Alpine 
folding produced only minor dislocation-metamorphism in the 
complex, including, however, strong mylonitisation along certain 
zones. The petrography of the metamorphic and igneous rocks 
is done in great detail with the aid of 10 new analyses. 

800X4>0T. By F. W. Rogbrs Brambell, Fh.D., D.Sc., King's College, 

London. 

Yolk-absorption in Mollusca .—The Cephalopoda among the 
Mollusca are unique in the large amount of yolk which is stored 
in the egg and which profoundly affects the development of 
the embryo. This huge mass of yolk presents some interwting 
problems concerning the manner of its absorption and assimila¬ 
tion by the growing embryo. Poftmann and Bidder {Q.J.M.St, 
vol. 72, 1928) have worked on the problem in Loligo in wWch 
a large quantity of yolk is present within the animal until a 
late stage of development. Two separate methods of yolk- 
absorption are employed successively. One is by the blood 
system and the other by the liver, which is, through the greater 
part of development, in close and direct contact with the 
yolk-sac. The liver absorbs the yolk from the yolk-sac, which 
It finally replaces. The so-called “ pancreas ” is in direct 
communication with the liver and is surrounded by a blood 
sinus. The nutritive material fi-om the liver appears to jmuss 
through the pancreas to the blood stream. The absorptive 
function of the liver and pancreas in the adult is controversial, 
but appears more probaole in the light of their absorptive 
powers in the embryo. 
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RMciions of Gammarus to Infection. —^Pixell Goodrich 
(Q.J.M.S., vol. 72, 1928) has made some very interesting 
observations on the reactions of Gammarus to injury and 
disease, notably microsporidial and fungoid infections. A 
yeast, Cryptococcus gammari, causes a disease in Gammarus 
which may be lethal, but is sometimes cured by phagocytosis 
and autotomy. The phagocytes effect the destruction of the 
parasites by secreting a chitinoid substance around them, 
large chitinoid nodules which become dark brown and are 
visible through the body-wall may be formed in this way by 
the action of a number of phagocytes. The spores of Nosema 
and of Thelohania are also pathological and may destroy a 
muscle-fibre of Gammarus. Phagoc3^es which secrete a 
chitinoid substance around the spores and destroy them may 
then attack this fibre. The black or pathological chitin which 
closes wounds in Gammarus is a similar substance and is a 

{ )roduct of the leucocytes. This chitinous secretion of the 
eucocytes in Gammarus is not, however, chemically identical 
with the true chitin secreted by the epidermis. 

Histology of the Mammalian Thymus and Adrenal .—^The 
problem of histogenesis of the thymus has excited considerable 
attention from time to time. Deanesly {Q.J.M.S., vol. 72, 
1928) has studied the problem of the thymus reticulum from an 
experimental point of view, by means of X-ray treatment and 
tissue culture. 

In the mouse irradiation is followed almost immediately by 
degeneration of most of the small thymus cells of the cortex, 
by amitotic proliferation of the connective tissue and by a 
peripheral invasion from the sheath by fresh connective tissue 
and blood-vessels. Numerous ciliated cysts, derived from the 
blood-vessels, develop but soon disappear. Regeneration 
begins three days after irradiation and results in a reconstruction 
of the cortex mom thymus cells persisting at the cortex edge. 
Fresh medullary areas are formed by the ingrowth of connective 
tissue and blood-vessels, most of which degenerate and give 
rise to corpuscles bf Hassall and cysts which soon disappear. 

jPieces of embryonic cat thymus cultured in tubes of plasma 
exhibit similar changes in the implants (to those resulting firom 
irradiation). These consist in pycnosis of the small thynrus 
cells and proliferation of fibrous connective tissue, which 
forms a border round the implant in which fi'esh corpuscles 
of Hassall develop. Accordit^ to these results there is no 
epithelial reticulum in the thymus such as is commonly 
described, and the corpuscles of Hassall and cysts arise from 
the degenerating blood-vessels and accompanying connective 
tissue. 

During recent years several papers have appeared describing 
39 
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histological differences in the cortex of the adrenal gland of 
mammals at different ages and of different sexes. The cortex 
of the adrenal can be divided into an outer zona glomerulosa, a 
middle zona fasciculate and an inner zona reticularis according 
to the arrangement of the cells. The chief differences assodatea 
with age and sex concern the last-mentioned zone. 

Deanesly {P,R.S., B. vol. 103, 1928) recently has made an 
extensive reinvestigation of this subject in the mouse (which 
clears up several points previously in doubt). It is found that 
at three weeks old the adreiials are alike in the two sexes and 
have a distinct inner cortical zone. Growth of this zone 
stops in the male before the fifth week and a small amount of 
degeneration takes place. This zone in the female continues 
to grow until puberty, when it occupies more than half the 
cortex. It degenerates slowly after puberty in the unmated 
female and normally disappears before the end of the repro¬ 
ductive period. It has been claimed that cyclic changes take 
place in the histology of the cortex corresponding with the 
oestrous cycle. Deanesly finds no such correlation, but notes 
that in all mice pregnancy leads to complete degeneration of 
the inner cortical zone unless it has previously disappeared. 
Sometimes a new inner zone arises later in the cortex and 
degenerates in its turn. Castration of the male results in 
the formation of an inner cortical zone of the female type, but 
ovariotomy appears to have no effect. Double adrenalectomy 
slightly lengthens the oestrous cycle in the unmated female, but 
does not affect breeding. 

Donaldson {Proc. Soc. Exp. Biol, and Med., vol. 25, 1928) 
has shown that the adrenal glands of the wild grey rat weigh 
roughly twice as much as those of albino rats of the same sex 
and body weight. The absolute amount of chromafiin tissue 
in the wild grey is greater than in the albino, but most of the 
larger mass consists of cortical- tissue. It is therefore clear 
that both the absolute and relative mass of cortical tissue is 
greater in the wild grey rats. 

JnUrsexual Pigs .—Baker {Brit. J. Exp. Biol., vol. 6, 1928) 
describes some interesting results of his expedition to the New 
Hebrides to investigate the peculiar intersexual pigs which 
are found there. These intersexes are of a new type and are 
distinguishable from those found occasionally among Euroroan 
pigs by the complete absence of uterus or vagina. Thw 
anatomy is described and it is suggested that they are genefic 
males in which the testicular hormone has been produ^ too 
late in development. 

These intersex pigs occur only in the more northerfy islands 
of the New Hebrides, where they are extraordinarily abundant. 
Hiey occur in nearly every uttle native village and it Is 
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estimated that there are between ten and twenty intersexes 
per hundred normal males. On one occasion 125 intersexes 
were seen t<^ether. 

The natives regularly breed these pigs and maintain that 
a female which has produced some will usually produce one or 
more in every farrow, and further, that females bom in the 
same farrow as intersexes are themselves intersex producers. 
It is shown that these native reports fit in with the view that 
these intersexes are produced by a sex-linked character. At 
all events it is clear that the natives are able to breed them in 
remarkable numbers. 

The importance of the intersex pigs in the social life of the 
non-Christian natives is remarkable. The interest taken in 
them is consequently very great, and they sell for considerably 
higher prices than the normal animals. The various grades of 
intersexuality found have each a special native name. 

Each time a chief obtains higher rank a definite number of 
intersexes and males are killed as an essential part of the ritual. 
The highest rank is only attained after the slaughter of ten 
to twenty full-grown intersexes with large tusks. The remark¬ 
able frequence of these curious freaks is thus due to the social 
importance set on them by the natives and the care with 
which they are bred in consequence. 

Tke Breeding Season in the Opossum .—Hartman {Joum. 
Morph., vol. 46, 1928) has made some interesting observations 
on the breeding season and rate of development of the Opossum 
(Didelphis virginiana) in Texas. The season commences, 
after a three months anoestrus, at the beginning of January, 
and the percentage of females pregnant reaches a maximum 
in the third and fourth weeks. Copulation precedes ovulation 
by 12 hours and gestation lasts about 13 days. The pouch 
young begin to open their eyes and lips when they are about 
50 days old and have attained the size of an adult mouse, 
but they continue to suckle for 30 days more. The mother 
again becomes pragnant soon after weaning the first brood, 
but it is improbMle that more than two broods are reared in 
the year, except in rare cases. 

The rate of intra-uterine development has always proved 
difficult to determine with accuracy, owing to the impossibility 
of determining the exact time of fertilisation. Hartman 
surmounted thb difficulty by surgical removal of one uterus, 
noting' the stage of eggs or embryos which it contained, and 
allowing the surviving uterus to incubate its ova a given time. 
It is remarkable that thb operative treatment did not result 
in abortion or resorption of the embryos in the untouched 
uterine cornu, wMch continued to develop in an apparmtly 
XKuioal manner. The method enabled accurate measure- 
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ments of growth and development over a precise period to 
be made. 

It was shown that the rate of development of the Opossum 
during the first ten days resembles most closely among the 
Eutheria that of the rabbit. The primitive streak stage is 
attained 7^ days post coitum. This leaves only 5^ days for 
the subsequent embiyonic development prior to birth, which 
is therefore very rapid. Tlie curve of postnatal development 
resembles the embryonic growth curve of the h^her mammab. 
The paper also contains some remarkably beautiful figures of 
Opossum embiyos of various stages. 

Loris and the Evolution of the Primates .—^Any new informal 
tion regarding the evolution of the Primates is of special interest 
since it concerns the ancestry of Man. Some years ago Hill 
(P.Z.S., 1919) put forward the view that the Lemuroids, so 
far as their development is concerned, are the most primitive 
of existing Primates and can be regarded as the direct 
descendants of that stock from which all the higher Primates 
evolved along one or more lines of descent. 

This view is corroborated in a recent important paper by 
Hill, Ince and Subba Rau (P.Z.S., 1928) on “ The Development 
of the Foetal Membranes in Loris,” embodying important 
observations on the mode of vascularisation of the chorion. 
The chorion in Loris differentiates early and forms, relatively 
early, the entire outer wall of the embryonal sac. Moreover, 
its vascularisation does not depend on the slow growth and 
ultimate fusion of the allantois with the chorion as in lower 
mammals, but is effected precociously. This takes place by 
the direct ingro^h into the chorion of the umbilical vessels as 
soon as the primary allantoic vesicle, bearing them, unites 
with a localised area of its inner surface. The primary function 
of the allantois is to provide a bridge or pathway along which 
the umbilical vessels can reach and invade the chorion at an 
early stage. The allantois, in &ct, acts at first simply as a 
vesicular connecting stalk. 

Thb method of vascularisation in Loris apparently repffe^ 
scnts *' the first and most significant step towards the evolution 
of that characteristic structure, so long regarded as distinctive 
of the higher Primates, the connecting or body stalk, which in 
Tarsius and the Anthropoidea directly connects the embryo 
with the chorion and serves as the pathway for the umbilical 
vessels to and from that membrane.” 

Ihese observations on the Lemur thus enable us to bridge 
the gap between the primitive allantois of the lower mammw 
and the highljr specialised condition represented by the oooh 
necting stsdk in Man. Loris provides precise knowledge of 
the first stages in the evolutionary history of this precodoti^ 
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developed and greatly reduced representative of the allantois 
of the lower mammals, and shows that it is another example of 
developmental acceleration or heterochrony which b such a 
marked phenomenon in the early embryology of Man. 

VBXMZtOCIT. By Prof. G. W. Robinson, M.A., University College of 
North Wales, Bangor. 

Although the past year has witnessed no signal advances 
in our subject, much steady work is being done with the object 
of defining more clearly those aspects of the study of the soil 
which have occupied attention during the last decade. And 
this, indeed, is the kind of progress which must be expected, 
for it is unlikely that any revolutionary dbcovery will change 
the whole aspect of pedology. Our advance will probably 
be slow and laborious rather than spectacular on account of 
the very diversity of the material. In no branch of science 
b it more dangerous to generalise on scanty data, and it is 
thus necessary to prove every advance in our knowledge by 
investigation over as wide a field as possible. 

New Books .—^Among the books published during the past 
year, two call for mention. The first, though a translation, 
has much of the merit of original work. I refer to The Evolu¬ 
tion and Classification of Soils (Cambridge, Heffer), translated 
by Dr. C. L. Whittles from the German of the late Prof. E. 
Ramann. The translator has improved on the original both 
by amplifying the bibliography and also by inserting helpful 
notes on certain aspects of the subject. The book may ^ 
strongly recommended to the attention of students of the soil. 
The Soils of Cuba, by H. H. Bennett and R. V. Allison (Washing¬ 
ton, Tropical Research Foundation), must be specially noticed 
because it is the first generally accessible example of the 
application of the newer methods of the United States Soil 
Survey to work in a tropical country. Dr. C. F. Marbut, 
Chief of the Survey, contributes a section on the principles of 
classification which explains the methods used in the work. 
I shall have occasion later to allude to this subject. The 
different series of soils distingubhed are fully described both 
by field observations and by laboratory data. In addition, 
much valuable agricultural information of correlative 
importance b given. It is worthy of note that some of the 
soils of Western Cuba are assigned to series of which there 
are representatives in the south-east of the United States. 
The soib of Eastern Cuba are more characteristic of tropical 
conditions. The differences encountered in the properties of 
soib of simibr colloidal content but/ of different chemical 
composition are si^ificant. It is interesting to leam that 
certain ferruginous clays are markedly stable to erosion. In 
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view of the future importance of tropical agriculture and the 
dangers attending unintelligent exploitation of virgin soib, 
this book b of considerable importance and may well serve 
as a model for future surveys of tropical r^mns. 

Intemaiimal Society of Soil Science .—^The proceedings of 
the First Congress of Soil Science, held at Washington in 1927, 
have now been published from Washington and will stand as 
a record of the present state of studies in pedology. The 
work is in four volumes, amounting in all to over 2,700 pages. 
The work of the different sections has already been summarised 
by B. A. Keen, A. A. J. De Sigmond, S. A. Waksman, D. R. 
Hoagland, C. F. Marbut, and others {Soil Science, 1928, 86, 
1-106). It is only possible on the present occasion to allude 
briefly to the principal topics dealt with by each section. The 
First Commission (Soil Physics) was principally occupied with 
discussing and standardising methods of mechanical analysis, 
single value determinations, and soil moisture problems. 
An international method of mechanical analysis was agreed 
upon. In the Second Commission (Soil Chemistry) the 
following problems were discussed : (i) determination of plant 
nutrients in the soil; (2) acid extraction of the soil; (3) soil 
acidity and base exchange ; and (4) soil organic matter. A 
large number of contributions deal with the influence of 
exchangeable cations on soil reaction and with methods for 
determining the saturation deficit of soils. Agreement on the 
nature of the base exchange reactions is still to be reached. 
The simple hypothesis underlying the methods of Hissink 
would not appear to be a sufficient explanation of all the 
experimental facts. Meanwhile, arrangements have been made 
for the continuance of co-operative work. Discussion in the 
Third Commission (Soil Microbiology) centred round methods 
of investi^tion, humification problems, and the nitrc^en cycle 
in soils. The Fourth Commission (Soil Fertility) was occupied 
with the mechanism of plant nutrition, and methods of d(^«r- 
mining the status of the soil with regard to plant nutrients. 

From many points of view, the work of the Fifth Commission 
(Classification and Mapping of Soils) was of principal interest, 
particularly as a month’s tour of the United States and Canada 
was made in order to examine soil types in the field. The 
Commission in Washington definitely addressed itself to the 
task of obtaining, if possible, a comprehensive system of soil 
classification to include all types of soil in all parts of the world. 
It was ine^table that the individual contributors to this 
discussion should press their own particular aspects of the 
problem and some sharp differences of opinion emerged. 
The proposals of C. F. Marbut, embodying the scheme actt^y 
' used at present by the U.S. Soil Survey, appear to be move 



PEDOLOGY 


603 

oomprehoisive in their scope than any yet advanced. The 
dimatic system of the Russian school of pedologists has been 
evolved mainly as the results of studies in the Russian Empire, 
where, in spite of its great extent, the variety of pedogenic 
possibilities is not so great as in the United States and Canada, 
especially since the studies of the American school have been 
extended to tropical soils. Marbut stresses the importance of 
considering the soil as a natural body and regarding the soil 
profile as the unit of study. The principal divisions of his 
dassification rest, nevertheless, on a climatic basis. Briefly, 
Marbut's classification consists of a series of divisions based 
on the mature soil profile. Firstly, there is the division 
into “ pedocals ” and “ pedalfers” the former characterised 
by a zone of calcium carbonate accumulation, and the latter 
by the absence of such a zone, and by vertical migration of 
ses^uioxides. This division is practically the same as the 
division into arid and humid proposed by Hilgard, except 
that it is stated in terms of the soil itself. The next division 
is made on the basis of temperature and gives, in the case of 
the pedalfers, the podsolic soils on the one hand and the 
latentic soils on the other. The corresponding classes in the 
pedocals have not been worked out. In the next subdivision, 
moisture conditions are used. This gives, in the case of the 
mid-latitude pedocals, the well-known succession ranging from 
the tshemosems or black earths to the grey desert soils. The 
corresponding divisions in the remaining pedocals and in the 
pedalfers remain to be distinguished. Then follows a further 
subdivision on the basis of temperature giving, in the case of 
the podsolic soils, the succession, tundra, podsol, brown earth, 
red earth, yellow earth, with prairie soils as a side class, and 
in the case of the lateritic soils, the laterites and the ferruginous 
laterites. Again, in the case of the pedocals, gaps remain to 
be filled in this stage of subdivision. The final categorisations 
are made by the successive consideration of profile maturity, 
nature of parent, material, and texture. On the whole the 
scheme is the moft comprehensive hitherto propounded, and 
it will doubtless be possible, when further experience has been 
accumulated, to fill in the gaps which admittedly exist. 

CoHsiitution of Clay.~--Tn& nature of clay, the principal 
inorganic reactive constituent of soils, has been the subject 
of much investigation of recent years. Unfortunately, muc^ 
of the work on clay in other branches of applied chemistry b 
not generally accessible to pedologists. A paper by C. S. 
Ross (JProc, First Congr, Soil Sci., 1928, Vol. IV, 555~56s) 
b therefore worthy of special attention. The author gives 
the results of studies by X-ray and other methods of the 
minerab of clay. Clay consists of two groups of minerab. 
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In the first group are the crystalline minerals, IcaoHnlte, 
AlsOt * sSiOt * 2H1O, anauxite, • sSiOt * sHiO, halloysite, 
which has the same formula as kaolinite but is sui^ 
microscopically ciystalline, and leverrierite which approxi¬ 
mates to anauxite in composition. The water 01 the 
minerals of this group is firinly combined and only lost at 
high temperatures. The second group of minerals includes 
montmorillonite, (Ca,MgO)AIiO»'sSiOi* sH| 0 ±, beidellite, 
AlfOt. 3SiO, + • 4HtO ±, its ferric isomorph, nontronite, and a 
crystalline hallo3rsite. In the second group of minerals, the 
water is more loosely held and may be regarded as adsorbed. 
The dominant clay-forming mineral of ordinary soils is beidellite 
associated with its ferric isomorph, nontronite. Kaolinite is 
an uncommon constituent. X-ray studies show that clay 
minerals are truly crystalline and not, as is often supposed, 
amorphous gels. Montmorillonite is the characteristic mineral 
of bentonite. 

The constitution of clay has also been investigated by 
other authors, who have studied the natural substance. H. W. 
Kerr {Soil Set., 1928, 86, 385-398), from the fractionation of 
the clay of certain soils, concludes that the composition of 
the constituent responsible for base exchange reactions agrees 
with the formula Ht 0 (Al, 0 ,‘ 6 Si 0 ,)* 8 H| 0 . G. W. Robinson 
{Nature, 1928, 121 , 903), from a study of the clay fractions of 
a number of soils, concludes that the primary product of silicate 
weathering is a mixture of hydrated sesquioxides having a 
silica-sesquioxide ratio of 2*0. Variations from this ratio occur 
as a result of eluviation, whereby the ratio is increased in the 
A horizon and decreased in the B horizon of a podsol profile. 
The higher ratios in alluvial soils and in unconsolidated aqueous 
deposits generally is attributed to concomitant precipitation 
of silicic acid present in river water, and originating from silicate 
hydrolysis. R. S. Holmes (/. Agric. Res., 1928, 88 , 459-470) 
finds the inorganic colloidal material approximately constant 
in composition in the soils of one type. The results indicate 
that the eluviation under such conditions is purely mechanical. 

Synthesis and Properties of Clay. —S. Mattson {Soil Sei., 
1928, 86, 289-311), by mixii^ varyii^ proportions of sodium 
silicate and aluminium chloride solutions, has obtained a series 
of electropositive sols, isoelectric precipitates, and dectro- 
negative sols. An isoelectric preapitate corresponds with 
each ratio of silica to alumina. The ratio becomes zero at 
pH 7*0, which is the isoelectric point of alumina, and reaches 
a maximum, below 3*0, at a pH of about 5*0. Palpitates eS. 
higher silica-alumina ratios may be prepared by increasing the 
proportions of cations present. As m the case of natural gels, 
the base exchange capacity increases with the silica^alumina 
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ratio. Evidence is adduced in favour of the occurrence of 
true adsorption rather than neutralisation. The acidoid 
behaviour of adsorbents is held to be associated with polar 
orientation of the interfacial layer of water molecules. The 
same author {ibid., 1928, 2 S, 345-350) finds that alternate 
treatment of soil colloids with neutral sodium chloride solution 
and 0*05 normal hydrochloric acid liberates greater quantities 
of aluminium and iron in solution than treatment with acid 
alone. This is associated with the presence of a high concentra¬ 
tion of chloride ions when neutral salts are present. Colloidal 
clay can be completely decomposed by treatment with a mixture 
of dilute acid and neutral chloride. 

Soil Organic Matter. —S. A. Waksman and K. R. Stevens 
(So *7 Sci., 1928, 26 , 113-138) have distinguished between 
different types of peat, notably between fen peat and upland 
peat, by methods of fractionation which account for about 
90 per cent, of the organic matter present. In fen peat the 
true celluloses have completely disappeared, the surviving 
hemi-celluloses being of hexosan character. The protein con¬ 
tent is higher than in the original plant materials on account 
of the activity of nitrogen fixing organisms. In upland peat, 
on the other hand, considerable amounts of cellulose and 
hemicelluloses survive and the protein content is lower than 
in the original plant materials, owing to the nitrogenous com¬ 
pounds having been drawn upon for the microbial decomposi¬ 
tion of the carbohydrates. S. A. Waksman and F. G. Tenney 
{Soil Sci., 1928,28,15 5-171 ) show the influence of plant species, 
age of material and other circumstances on the decomposition 
of organic matter in the soil. W. L. Davies (/. Agric. Sci., 
1928, 18 , 682-690) has attempted a fractionation of the 
nitrogenous compounds of different types of peat. Both the 
hydrochloric acid hydrolysate and the hydrogen peroxide 
extract have been examined, and indications have been obtained 
of differences in the distribution of the fractions. The results 
show that protein degradation is more rapid under fen con¬ 
ditions than under upland peat or heath conditions. U. 
Springer (Z. Pflam. Diing., 1928, Ua, 313-358) proposes the 
use of acetyl bromide as a reagent for distinguishing the 
humified fi'om the non-humified organic matter of soils. 

Soil Solution. —L. J. H. Teakle {Soil Sci., 1928, 26 , 143- 
162), in a study of the factors affecting the concentration of 
phosphates in the soil solution, finds that slightly acid conditions 
depress the solubility of aluminium and manganese phosphates. 
Iron phosphate is least soluble at pli 3*0. Calcium phosphate 
Is insoluble under alkaline conditions. Calcium is the most 
important base in its effect on phosphate solubility. J. S. 
|«ne and H. C. McLean {Soil Set., 1928, 26 , 47-59) find that 
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the solubility of aluminium in the soil solution is not controlled 
by the alone but also by the anions present. Gel formation 
occurs at different pH values in the presence of different anions. 
The formations of gels excludes the presence in the soil solution 
of molecular-disperse iron and aluminium. Under ordinary 
soil conditions the presence of iron and aluminium in the soil 
solution is generally excluded by the inorganic anions present. 

Soil Structure and Mechanical Ancuysis. — A. T. Tiulin 
{DepL Agric. Chem. Perm,, Report, 1928, 1-24 ; 77-122) has 
studied the stability of soil structure, which he correlates 
directly with the adsorptive capacity of the soil for calcium and 
inversely with the proportion of silt (o-oi-o-oos mm.) present. 
A mechanical factor of structure stability is suggested, namely, 
the ratio of silt to adsorptive capacity. In a second paper 
Tiulin distinguishes two types of aggregates in natural soib, 
namely, floccules held together by bivalent and tervalent cations 
(true aggregates) and aggregates held together by univalent 
cations or % simple cohesion (false aggregates). True aggre¬ 
gates are stable in water, whilst false aggregates disintegrate 
m water. TTie proportion of true aggregates may be deter¬ 
mined by sieving in water, that of false aggr^ates by sieving 
in the dry state, applying a correction in the second case for 
the proportion of true aggregates present. The data for true 
aggr^tes must also be corrected for actual primary particles 
present. F. Hardy (/. Agric. Sci., 1928, 18 , 252-256) proposes 
as an index of the texture of soils the moisture content at 

E >int of stickiness, less one-fifth of the sand present, the 
tter term being introduced to correct for interstitial moisture 
associated with the sand. 

Mechanical Anedysis. —E. M. Crowther (Proc. First Congr, 
Soil Sci., 1928, Vol. 1, 394-398) describes a manometric method 
for deriving continuous curves for the mechanical composition 
of soils. The method depends on the measurement of the 
difference in hydrostatic pressure between two levels of a 
settling suspension. M. Kohn (Landw. Jahrb., 1928, 485-526) 
discusses and compares the different methods proposed for 
mechanical anal3rsis. From mathematical analysis and from 
actual photographs of stream lines with suspensions of lead 
iodide, he concludes that the pipette technique is more readily 
controllable and trustworthy than sedimentation methods. 
Miss R. C. Groves (/. Agric. Sci., 1928,18, 200-205) fin^ds that 
repeated rubbing with a rubber pestle, using an|moniacal 
hydrogen peroxide as a deflocculant, gives a satisfactory dis^ 
persion of laterites, which have hitherto proved difficult to 
msperse in mechanical analysis. M. D. Thomas {Soil Set., 
1928, 88, 419-427) finds that sodium-saturated soils give the 
greatest dispersion in mechanical analysis. This d^persion 
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may be most readily effected by preliminary acid treatment» 
followed by treatment with sodium carbonate. Gises arc 
found in which ammonium soils show the best dispersion. 
S. Mattson {Proc. First Congr. Soil Sd., 1928, Vol. II, 185-198) 
also finds that sodium-saturated soil colloids show the highest 
dispersion. 

Effect of Drying on Soil Properties. —J. L. Steenkamp {Soil 
Sd., 1928,86, 163-182 ; 239-251 ; 327-332) has examined the 
effect of drying on various anal5rtical determinations on soils, 
including exchangeable base content, lime requirement, and 
Hissink’s T-S value. The differences obtained, not all in the 
same direction, emphasise the importance of moisture changes 
on the colloidal properties of soils. The behaviour of cultivated 
soils differs from that of partly weathered soils. 

Soil Physics. Single-value Determinations. —The need has 
long been felt for single-value constants which shall give 
numerical expression for those properties of the soil associated 
with its character as a colloidal system. B. A. Keen and 
J. R. H. Coutts (J. Agric. Sd., 1928,18,740-765) have published 
an important work giving the more important physical data 
for a comprehensive series of soils of differing characters. The 
effect of the organic matter was studied by calling out a 
separate series of determinations on soils treated with hydrogen 
pefoxide. It is interesting to note that the values obtained 
for the pore space of kneaded blocks approximate to that 
calculated for an “ ideal soil," namely 26 per cent .—sl figure 
reduced somewhat by removal of peroxide-soluble organic 
matter. The correlation between the different physical con¬ 
stants obtained have been worked out. The correlation 
between the moisture content at the point of stickiness (S) 
and the content of colloidal material is well shown. The 
hygroscopic moisture in equilibrium with an atmosphere of 
50 per cent, humidity appears to be largely controlled by the 
clay content. A correlation with organic matter would also 
have been expected. The S value tends to a minimum of 16 
per cent.—approadmating to 14*6 per cent, calculated for the 
interstitial moisture of an " ideal soil " with closest packing. 
The S value may thus be held to consist of 16 per cent, of 
non-colloidal moisture and the remainder associated with the 
soil colloids. It appears that, as a first approximation, the 
colloidal ors^ic matter takes up 4*4 times its weight of water 
and the colloidal clay 2*7 per cent. 

Molecular fVater Capadty of Soils. —^A. F. Lebedeff 
{Pidohgfe, 1928, 49-<69) has found that in the determination 
of the moisture e<;[uivalent of soils, an increase in the velocity 
of centrifuging gives progressively smaller values for the 
water retained until, when a centnfugal force equal to about 
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18^000 g is reached, no further diminution is obtained. The 
amount of water held by a soil against such a force is considered 
to represent the maximum molecular water capacity. This 
value appears to be additive among the mechanical fractions 
of the sou. 

KBTSOBOLOCIT. By E. V. Newnham, B.Sc., Meteorological Office, 
London. 

Turbulence in the Atmosphere .—^Vertical movements in the 
Earth’s atmosphere are made evident by the growth of the 
ordinary cumulus cloud. The circulation of surface winds 
around an anticyclone or a depression show on the one hand 
an area of outflow and on the other of inflow, often with little 
change in the total weight of the atmosphere over the area in 
question, as revealed by the barometric pressure on the ground. 
Such systems of outward and inward flow imply descent and 
ascent of air ; vertical movement on a larger scale than that 
of the cumulus cloud is revealed. The attention of meteor¬ 
ologists has been turned towards such phenomena ever since 
they have been recognised, while the more obvious but 
apparently still more complicated vertical movements that 
can be detected when a wisp of the low fragmentary cloud 
known as “ scud ” or “ fracto-cumulus ” is closely watched 
on a day of strong wind, or when the trajectory of any object 
floating in the air is observed, seldom received much attention 
until aviation began. Even then it was not always understood 
that this irregular motion, which is technically known as 
“ turbulence,” is of importance not only in regard to minor 
peculiarities of wind-structure, but is actually capable of 
affecting the weather so often and so powerfully as to constitute 
an important factor in determining the climate of a place. 
“ Turbulence,” or ” eddy-motion,” must not be confused with 
the convection of warm and cold air, which may also be some¬ 
what turbulent in character. True turbulence is set up when 
smooth motion of the wind is interfered with by any obstacle; 
it may be regarded as composed normally of an almost infinite 
variety of shapes and size of eddy. The normal ” lapse ” 
of temperature in the atmosphere of a large proportion of the 
solid Earth is such that vertical motion is opposed by restoring 
forces due to the fact that air in ascending immediately becomes 
colder and heavier than its environment, while descending 
air becomes warmer and lighter; this shows that turbulence 
acts in opposition to those very forces which favour simple 
thermal convection due to replacement of warm air of smaU 
density by colder and denser air. It is not proposed to deal 
in detail with the mathematical treatment of turbulence, 
but it may be recalled that attempts have been made in this 
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country by G. I. Taylor to use mathematical equations 
developed m the theory of conductivity of heat for a study of 
the vertical transfer of heat due to the action of turbulence. 
These attempts have been based upon the idea that although 
individual eddies are too complicated for mathematical treat¬ 
ment, the interchange of air between different levels resulting 
from very numerous eddies causes simple thermal changes 
that can be treated as due to ordinary conductivity—^that 
corresponding with the coefficient of thermal conductivity of 
a solid there is in fact a coefficient called the “ eddy-con¬ 
ductivity.” Such investigations have greatly increased our 
understanding of many meteorological processes, although the 
analogy between the two kinds of heat transference must 
clearly not be pushed too far. 

These notes have been written to draw the attention of 
the general reader to the practical importance of turbulence 
for a wide range of meteorological phenomena, this introductory 
matter leading up to a brief account of some recent observations 
made in Germany, the significance of which would at first sight 
appear to be of more limited importance to meteorology than 
is actually the case. The following phenomena are all effects 
of turbulence, and are all of importance in the study of weather 
if not of climate. 

(1) A rise of temperature with onset of wind on still nights 
when temperature has become low on the ground and for some 
distance above it, on account of outward radiation under a 
clear sky. Under such conditions the temperature usually 
increases with height inversion ” of the usual ” lapse ” 
with height). The stimng due to eddy-motion is thus par¬ 
ticularly effective in raising surface temperature, because the 
change of pressure of air due to its descending from high to 
low levels, which produces the usual rise of temperature 
according to the ” dry adiabatic " rate, acts upon air which 
at the higher level is already warmer than the air near the 
chilled ground. A rise of many degrees sometimes takes place 
in a short time, even with the sky remaining quite clear. 

(2) Formation of cloud sheets when cold winds with a 
moderate lapse of temperature with height travel long distances 
over relatively warm water. The lower surface of such a 
cloud sheet represents the level at which turbulence brings 
moistened and warmed air to a height where it is cooled below 
its dew-point. The frequent cloudiness of the weather when 
northerly winds reach the east coast of England is due to this 
process. 

(3) •' Scud,” or fracto-cumulus cloud, appearing in the first 
few hours after sunrise in damp but sunny weather with a 
Strong wind, especially in sununer. The process here is taken 
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to resemble that just described, but is more rapid owing to 
the powerful heatm^ of the ground. 

(4) Gustiness of inland winds compared with winds out at 
sea. This is due to the turbulence set up by objects on land. 
A. H. R. Goldie has shown, however, that ocean waves some¬ 
times form eddies, which tend to have a “ period ” equal to 
that of the waves, i.e. maxima of wind speed tend to occur 
at intervals of time equal to those separating the largest waves. 

(5) The diurnal variations of the average speed and 
direction of the wind on land. This is due mainly to corre¬ 
sponding variations of turbulence. During the warmest part 
of the day the " lapse-rate " of temperature with height is 
at its greatest, and there is little to oppose the formation of 
upward and downward currents—^turbulence is therefore 
readily set up. The greater the turbulence the more rapidly 
is air which has been retarded by friction near the ground diluted 
with faster moving air from above. At night the opposite 
thermal structure tends to occur, especially if the sky is clear 
and cooling near the ground consequently rapid. The air 
above the level of any obstruction then tends to move onwards 
without eddy-formation, the lower layers becoming more and 
more stagnant. 

The five examples of the results of turbulence given above 
suffice to show that the causes of many weather phenomena 
would be obscure without some knowledge of this process 
and it may well be that even more phenomena will be 
explained in the future when the process is better understood. 
In mountainous districts, for example, the comparatively simple 
relationship between surface and upper winds which obtains 
as a rule over flat counter, and even more over the open sea, 
is replaced by complexities, due to some extent to turbulence 
set up by the mountains, which make it hard to estimate 
the one from the other. The existence of valley winds and 
of the fohn has of course long been recognised, but the 
turbulence set up by hills or mountains has not often received 
attention. It is very satisfactcny, therefore, to see a paper 
by Dr. W. Georgii (“ Verdffentlichungen des Forschungs- 
Institutes der Rh6n-Rossitten-Gesellschaft e.V Nr. 1," Jakrbuck 
1926/27, published 1928, pp. 1-4) dealing with this subject, 
and one which appears to include some important results. 

Georgii points out that most of the pictures obtained of 
the eddies set up on the lee side of an obstacle refer to artificial 
wind channels, where boundary surfaces occur to which there 
is usually nothing analogous in the free atmosphere; moreover, 
when the obstacle is as large as a mountain, thermodynamical 
chaises of temperature and pressure due to ascent or descent 
of air become important, and introduce further discrepanclci. 
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Theory would lead one to expect that when air is cooled 
dynamically on ascendii^ a mountain-side, a rise of pressure 
should result on the windward slope, owing to the ^preater 
density of the cooled air, and this should cause a honzontal 
gradient of pressure near the ground such that a wind may be 
caused in the reverse direction to that of the general current, 
blowing down the slope, provided that the " lapse-rate " is 
less than the “ dry adiabatic,” i.e. less than i® C. per loo 
metres.* 

Such an eddy would have no analogue in wind-channel 
experiments. It is pointed out that whereas P. Raethjen,* 



" filming ” rocket smoke on certain hill slopes, found no 
evidence of this effect, Lammert * found a flattened eddy on 
the windward slopes of the Southern Alps, with the con¬ 
vergence and divergence lines which Wenger regards as 
characteristic of the horizontal flow of air near mountains. 
These eddies formed on days when the horizontal pressure 
gradient was too strong for downflowing ” mountain breezes ” 

> With a lapse-rate exceeding that value, rising air would of course not 
tend to iMcome colder than its environment, but wanner, while the *' dry 
adiabatic ** itself would lead to up-and-down movement with the moving 
afar always kerning the same temperature as its surroundings, provided that 
lonnation of aouds and liberation of latent heat did not take place. 

• Z.F,M., ipab, p. 1S5. 

* Vtr&ff in G0opt^siM. InstUuts Leifsig, a* Series, VoL x, part 7. 
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to form. Geon^, in the paper under review, describes 
observations yielding additional proof of the existence of such 
eddies. They were made in the neighbourhood of Frankfurt, 
during the period June to September 1918, using observing 
stations on a line running from N.W. to S.E., including the 
peak of Feldberg (880 metres), the Taunus Observatory 
(820 m.), the hill Falkenstein (400 m.), Kronberg (about 200 m.) 
and Frankfurt (117 m.), and covering altogether a distance of 
about four miles (see figure). Simultaneous observations with 
kites furnished free-atmosphere values of wind and temperature 
at heights of i ,000 m., 1,500 m., and 2,000 m. The characteristic 
eddy was found, with wind blowing downhill, near Falkenstein 
(see figure), when the free-air winds were from some point 
between S.E. and W.S.W. (through S.; see figure). 

The eddy—proof of the existence of which it should be noted 
fe based largely on the wind at Falkenstein—was especially 
well shown when the free-air wind was from S.W., i.e. at about 
90® to the line of stations. It occurred in 57 per cent, of all 
cases of free-air wind between o and 5 metres/sec., in 50 per 
cent, with 5-10 metres/sec., and in only 13 per cent, for winds 
exceeding 10 metres/sec. 

The following table shows the mean lapse-rate at various 
heights for each class of wind-speed : 


LAPSE-RATE IN DEGREES C. PER 100 METRES 
Lapse-rate 


Speed z,ooo metm 

Fallcentteia 

Taunut 

I Over the mountaine. 

No. Of 


{400 m.) 

(8ao ffi.) 

IQgg 

z,Soo m. 


Oba. 

0-3 

0*49 

0-67 

0-85 

0*63 

0*67 

28 

5-10 

0*55 

0*69 

I'X 2 

0*42 

0*60 

20 

Over 10 . 

0-86 

0*74 , 

0-33 

0*64 

0*47 



The downward-flowing wind at Falkenstein requires a 
suitable pressure gradient along the slope, which, as hM 
already been shown, may result from increased pressure on 
the upper part of the slope due to the cooling of the ascending 
winds, provided that the lapse-rate is less than the “ dry 
adiabatic.'* The above table shows that in the two dasses 
of wind strength which showed frequent development of the 
eddy, the lapse-rate at Falkenstein and Taunus was appropriate, 
and that in the case of stronger winds, when the eddy was 
rarely developed, the lapse-rate was approaching the dry 
adiabatic rate (i® C. per 100 metm). 

A more detailed analysis of individual cases showed that 
the limits of the wind-speed on the mountain top which were 
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&your^ble for the eddy were 2 to 10 metres/sec. The latter 
speed would appear therefore to be a critical one, above which 
the atmosphere becomes churned up' into irregular ” tur¬ 
bulence.” This speed, it is interesting to note, has been found 
to be a critical one by Peppier, Wenger, and Bingel, when 
considering wave-motion in the free atmosphere, and H. von 
Picker ^ found an abrupt change in the difference between the 
temperature on the Zugspitze and in the free-air at the same 
height, on passing from winds of 9 metres/sec. to those of 
II metres/sec., as the following table shows : 


Wind Speed (mettee/eeo.) 

0 

a 

3 

5 

7 

t ’ 1 

IQI 


Temperature 
difference (Zug- 
imitze—Free air) 
deg. Centigrade 

-0*42 

-1-25 

-2-65 

-174 

— 2.02 



-0-93 


TOBIO ABOHJEOLOOT. By L. J. P. Gaskin, Librarian to 

the Royal Anthropological Institute. 

Anzeiger fur schweizerische AUertumskunde, 1928.—Contains 
the continuation and conclusion of Herr G. Kraft’s article on 
the position of the Swiss in the Bronze Age cultures of Central 
Europe, reviewed in Science Progress of July last. The 
final portion of this paper deals with the Bronze Age Lake- 
dwellings and the connection with Italy. In conclusion the 
author attempts a chronology of the Swiss Bronze Age in 
relation to the associated cultures of Europe. The article is 
well illustrated. 

Antiquity, December 1928.—In a long article on ” The 
Oldest Swiss Lake-dwellings,” M. Paul Vougja classifies the 
succession of Neolithic cultures (or layers) excavated, as Lower 
(or early Neolithic); Middle Neolithic Upper (or late) Nw- 
lithic, and Eneolithic (or Copper) age, and proceeds to describe 
in detail the differences in the common objects found in each 
layer (or culture). These objects he groups together under 
the headings of (o) Axe-holders (gaines de haches), {b) Flint, 
and (c) Pottery. 

Tins paper is particularly well illustrated and has a map of 
Lake NeucMtel. 

Mr. O. G. S. Crawford contributes an illustrated article on 
Stone Cists. He thinks that they were probably introduced 
into Britain by the Beaker-folk about 1800 b.c., and that they 
were used for over 2,000 years, as examples have been found 
containing objects belonging to the Iron Age. The author con- 

> M$t. Ztit., 19x3, p. 385. 
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aiders that Cist>burial was the commonest method of interment 
in Prehistoric times, when suitable material was available. 

Mr. J. M. de Navarro, in an article on ” Massilm and Early 
Celtic Culture,” surve3rs in detail the archaeological remains 
of the Hallstatt and La Tfene periods which extend over France 
and Central Europe, and particularly those having Grseco- 
Italian affinities. By these means he establishes the probable 
routes taken by the early Grecian traders. There is a good 
map and some excellent illustrations. 

Mitteilungen der anthropohgischen Gesellschaft in Wien 
(M, part 5).—Herr J. Bayer reports on a late Bronze Age 
cremation burial at Nieder-Russbach, Lower Austria. The 
age of the finds has been determined by the pottery, which was 
well baked and of a brown and black colour. Herr Bayer 
associates the finds with the ” Lausitz Culture,” one of the 
” urhfield ” cultures of Europe which mark the later phases of 
the Bronze Age. 

Prcehisiorische Zeitschrift ^19, parts 1-2).—Herr Lothar F. 
Zotz writes on the palsolithic settlement of ” Der Teufels- 
kuchen,” at Oelberg near Kuckucksbad. Herr Zotz, after 
a careful survey of the geological evidence, archxological 
material, fauna and flora, and history of the site, comes to the 
conclusion that it belongs to the Magdalenian Period. A series 
of excellent plates are attached to the article. 

In an article on the spiral ornamentation of pottei^, Herr 
J. Boehlau deals with (i) The Bohemian>Moravian Pottery, 
(2) The Butmir Pottery, and (3) Painted Pottery. The artide 
is well illustrated. 

Bulletin de la Sociiti prihistorique franfaise, November 
1928.—Contains an article by Dr. Pontier on the discoveryof 
a statuette of female form at Lumbres (Pas-de-Calais). The 
particular interest of this figure lies in the fact that it Delongs 
to the Magdalenian Period, in. which, up to the present, no 
other representation of the female form has been found. 

M. A. G. Poulain contributes a useful artide on the Paleo* 
lithic and Neolithic sites in the vidnity of Vernon (Eure). The 
practice of compiling inventories of thb description is one to be 
commended, and it is hoped that others will follow this example. 

Zimbabwe. —On December 13 Miss G. Caton-Thompson 
left England to take chai^ of an archaeological expedition to 
Southern Rhodesia. The expedition, which has been sponscn^ 
by the British Assodation for the Advancement of Sdence, 
will investigate the ruins at Zimbabwe and Dhlo-Dhlo. It is 
hoped that work will be begun in March and that Miss Thon^ 
son will be able to lecture on Zimbabwe to the Assodation 
when it meets in South Africa next summer. 

A short, welHUustrafed account of Zimbabwe, by Mr. 
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G. D. Anderson, who visited the ruins recently, appears in 
the China Journal of Science and Arts, December 1928. Other 
works of interest are Randall Maclver’s Mediceval Rhodesia, 
L T. Bent’s Ruined Cities of Mashonaland, and M. C. Burkitt’s 
^uih Africa’s Past in Stone and Paint (Chapter X). 

Revue Anthropologique, October-December 1928.—M. Pois¬ 
son continues his article on the “ Neolithic Cultures of France.” 
This portion of his article is divided into two parts : (a) 
Southern influences, (b) Nordic influences. In (a) the author 
deals with the Azilian and Tardenoisian Cultures, the anthro¬ 
pological characters of the Southern migration, and the 
particular features of the Southern civilisation. 

M. Poisson lays stress upon the influence of Africa on the 
Pre-Neolithic population of Europe, and instances in this 
connection the C^psian civilisation in Spain and the Azilian 
and Tardenoisian civilisations in France. 

In (b) the Kitchen Midden, Campignian, and Megalithlc 
Cultures are dealt with, and this part of the article is con¬ 
cluded with a few remarks by the author on the ethnical 
characteristics of the peoples of the Northern civilisation. 
The value of this paper is considerably diminished by the 
lack of illustrations. 

Count B^ouen writes on his new discoveries in the cave of 
” Trois Fr&res,” at Montesquieu-Arantes (Arifege). The finds 
comprise (i) a small ibex head with inlaid eye, carved in 
reindeer horn ; (2) a piece of carved bison bone ; and (3) a 
broken handle of reindeer horn engraved with a bison’s head. 
The most important discovery was that of the bison bone (2), 
on which was carved the first known representation of a grass¬ 
hopper in Palaeolithic art; the piece, which measured 10 cm. 
long by 5 cm. broad, was in good condition. Count B^gouen 
daims a Magdalenian origin for these finds. 

Fomv&nnen, 1928, part 6.—Contains a long and well- 
illustrated article by Andreas Oldeberg on a Bronze Age find 
at Hj^rpetan (Vhrmland). 

M. Oldeberg compares the finds, which consist of a variety 
of objects, including pins, bracelets, swords, lance-head frag¬ 
ments, and shields, with those of corresponding Bronze Age 
cultures in E^land, Germany, Austria, and Denmark. The 
author gives it as his opinion that the lance-head fragments 
are of older origin than the remainder of the finds. 

L'Homme Prihistoriqm, January-March 1928.—Messrs. 
Hamal-Nandrin and Servais write on flint daggers and lance- 
heads in Belgium, and point out the difficulty of distinguishing 
between them. Some are of Grand Pressigny flint, while 
others resemble the daggers of the English Beaker-folk period. 
The bibliography is linuted to Belgium and Switzerland. 
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April-May 1928.—^The Marquis de Baye contributes a 
gaper on the later Iron Age helmets and their distribution in 
Europe, and comes to the conclusion that they were worn only 
by the great chiefs, whether Gothic, Frankish, Buig'undian, or 
AJemannic. The ornamentation of the helmets shows traces 
of Scythian as well as Early Christian elements, and this is 
important because it adds to the accumulation of evidence 
for a cultural migration from the East. 

Archives de 1 Institut de PaUontologie Humaine. —Four 
numbers have appeared : No. i, “ La Grotte de TObservatoire 
k Monaco," by M. Boule and L. de Villeneuve; No. 2, " Les 
Poissons, Les Batraciens et Les Reptiles dans I'Art Quater- 
naire,” by H. Breuil and R. de Saint-Pirier; No. 3, " Le 
PaMolithique Italien,” by R. Vaufrey ; No. 4, " Le Pal6o- 
lithique de la Chine," by M. Boule. Published by the generosity 
of the Prince of Monaco, these sumptuously illustrated volumes 
form a valuable addition to Prehistoric Archaeology. 

Pin-hole Cave, Creswell. —In a lecture at the Royal Anthro¬ 
pological Institute on November 20 Mr. L. Armstrong described 
the work of excavation in the inner chamber of this cave. The 
dominant culture is Aurignacian. An important find was 
the discovery of a rib (of reindeer), upon which was the en¬ 
graved drawing of a masked human figure, resembling those 
of Homos and Altamira. The importance of this find lies 
in the fact that it is the first Palaeolithic drawing of the human 
figure found in England. 

Nature, November 10, 1928.—Contains an article on recent 
excavations at the Cheddar Caves, by R, F. Parry. The cave 
showed signs of occupation during Palaeolithic, Early Iron 
Age, and Romano-British periods. There were no signs of 
occupation during the Bronze or Neolithic periods. The finds 
of Palaeolithic date include a large number of flints and a 
bdton de commandemeni of reindeer antler. Parts of two human 
skulls were found, and the animal remains include wolf, bear, 
reindeer, Irish elk, arctic fox, and English varying hare. 
A detailed report of the excavations will be found in the next 
issue of the Proceedings of the Somersetshire Archceological 
and Natural History Society. 

Journal russe anthropologigue. Tome 16.—Contains an 
article by A. Pavlov on the prehistoric sites at Lakes 
Ladoga and L’Oka and their place in the Neolithic culture 
of Europe. 

In this article M. Pavlov makes a careful survey of the 
archseologicai material, and the animal and human remains 
of the two sites, and claims a Middle Neolithic origin for the 
culture. The article, written in Russian and French, is well 
illustrated. 
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Proe0$dings t/ the Society of Antiquaries of Scotland, vol. 63. 
—Mr. Eckford discusses the Terrace formations in the south 
of Scotland and on the English side of the border, and supports 
the view that the Terraces are of artificial origin. The paper 
is illustrated and contains a list of the Terraces and their 
location. 

Mr. Corri writes on Bronze Rapiers from Kirkcudbright¬ 
shire, and assigns them to the middle of the Bronze Age period. 
The article is illustrated and contains a list of the counties 
in which rapier-like blades have been found. 

Mr. J. Graham Callander reports on a collection of stone and 
flint implements from Berwickshire. Of particular interest 
are the lopsided and triangular arrow-heads of flint from Air- 
house. The question of their use in Neolithic times seems 
to be one of much confusion. The illustrations, particularly 
of the arrow-heads mentioned, are excellent. 

The Times, January 4, 1929.—In a letter to The Times 
of the above date, Mr. S. Langdon, the Director of the Oxford- 
Field Museum Expedition, records the new finds at Kish. 
In the early Sumerian stratum a series of brick-vaulted tombs 
was excavated containing two- and four-wheeled chariots, stone 
jars, and copper implements. The painted ware found in this 
stratum is like that found at 'Al-Ubaid, near Ur. By means 
of an accurate series of archeeological stratification of the 
excavation it has been possible to establish a scientific classifica¬ 
tion of the various periods upwards to the Neo-Babylonian 
period, marked by the temple of Nabunidus. 

There are roughly seven stages (lettered a-g) which have 
the following chronological and archaeological identifications : 

! g) 16-19 nietres below mound level, circa 4200-3500 b.c. 
f) 13-16 metres below mound level. Brick-tomb area, 
y period at Ur, 3200 b.c. 

(e) Thin layer of stamped earth laid over the ruins of the 
great Sumerian age, circa 3200 b.c. 

(d) Layer of period of decadent civilisation marked by 
broken sherds, 3100-3000 b.c. 

(c) A red stratum extending over the entire mound. Rich 
in gold, silver, precious stones, plain pottery, copper, and 
inscribed tablets, 3200-2800 b.c. 

(h) A deep stratum 5 metres thick in which the ruins of the 
Saigonite period prevail confused with the later debris of the 
Hammurabi and Cassite period, 2800-1200 b.c. 

Above this lie the ruins of the Neo-Babylonian Empire. 
The Times, January ii, contains a letter from Mr. L. 
Woolley on this season’s work on the Royal Tombs at Ur. 
The death-pit ” inseparable from the tomb of a king 
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was found, and in it were the slaughtered remains of 39 women 
and one man. Two daggers with gold blades and gold-studded 
handles and a cylinder seal inscnbed " Mes-Kalam-dug,” the 
king, were found. Other graves have been unearthed; of 
particular interest b one which contains the remains of a baby 
princess. H^e was found a golden headdress, similar to 
that of Queen Shub-ad, and a set of miniature silver vessels. 
A harp was also discovered, and, surviving as lines of white 
fibrous powder, its ten cat-^t strings. 

In a further letter to Tht Times Mr. Woolley describes 
the dbcoveries in another and larger “ death-pit,” containing 
45 bodies. Of interest was the discovery of a silver harp 
shaped like a boat, a silver statue of a stag, nearly two feet 
high, and a pair of statues in the round of rampant rams; 
the heads and legs are of gold, the horns of lapb lazuli, the 
fleece of white shell, and the belly of si)ver. 

It is confidently expected that the tomb of the king will be 
found in the near future. Illustrations of these finds will be 
found in the Illustrated London News of January 26. 

The Times, January 12.—^Mr. Leakey, the leader of the 
East African Archaeological Expedition, writes on hb dis¬ 
coveries at ” Gamble’s Cave,” in El Menteita last month. 
Mr. Leakey considers that the glacial periods in Eur(^ 
were accompanied by severe pluvial periods in Africa. On 
thb assumption he thinks that he has discovered in ” Gamble’s 
Cave ” a specimen of the earliest predecessor of Aurignacian 
man yet found. The skeleton was intact except for a damaged 
skull, and was buried in the sitting posture, together with the 
associated cultural remains of the period. 
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THE EVOLUTION OF THE NEW QUANTUM 

MECHANICS 

By N. M. BLIGH, A.R.C.Sc., A.I.C. 

A REFERENCE to Contemporary advances in theoretical physics 
cannot fail to bring to notice the large output of work dealing 
with the development and very extensive applications of the 
quantum theory in its newest form. This has resulted from 
the epoch-making advances in the last three years associated 
more especialty with the names of Heisenberg, Schrodinger 
and Dirac. Their new system of quantum mechanics, allied 
with the notion of the quantised spinning electron, which had 
Just previously been reintroduced, appears to afford a solution 
to formidable and long-standing difficulties. Though the whole 
matter is at present in an early stage of development, as a 
contribution to the quantum theory as a whole, its importance 
cannot be over-estimated. For a connected review of the 
new work it will be necessary to make a few introductory obser¬ 
vations on the quantum numbers and on the general problem 
of spectra. 

Bohr, in 1913, defined the orbits in which an electron might 
travel round the atomic nucleus, on the fundamental assump¬ 
tion that they were those for which the moment of momentum 
of the electron was an integral multiple of A/27r, h being Planck’s 
constant. This multiple, the quantum number n, assumes 
successive integral values for the members of a series of con¬ 
centric orbits. The second quantum number was introduced 
for the fine structure of spectral lines, by Sommerfeld, who, in 
*9i5i |;eneralised the periodic motion of an electron moving 
accordm^ to the inverse square law, and took into consideration 
its elliptic orbits. This so-called azimuthal quantum number 
defines the eccentricity of the orbit, and hence its shape; 
a radial number r defines the variation of the radius vector of 
an orbit. Thus we now have the principal number n which 
is the sum pf the azimuthal and radial numb^, and determines 
the length of the major axis of an ellipse, and the azimuthal or 
subordinate number h. The latter also defines the moment of 
momentum of the electron about the nucleus, and thus corre- 

6X9 
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sponds to what Bohr originally denoted by n. Orbits ^ 
denoted by the notation n* ; thus when « - ^ we have orbits 
of zero eccentricity or circular orbits. The third quantum 
number, introduced by Sommerfeld in 1920 (the inner quantum 
number j) was required to account for doublets, triplets and 
more complex groups forming spectral multiplets. A fourth 
or magnetic quantum number was subsequently found necessary 
to define the observed lines of the anomalous Zeeman effect. 

Non-Integral Quantum Numbers 

It was soon found that the empirical treatment of spectral 
multiplets demanded non-integral quantum numbers which 
found no theoretical place in the older theory. As we s^ll 
see, they are a natural consequence of the theoretical deductions 
of the new mechanics. Arc and spark spectra contain lines 
most of which fall into four series characterised as S, P, D, and 
F series, the lines of which consist in general of multiplets. 
Trying to express the frequencies of the observed series of 
multiplet lines by relations of terms we find that for the odd 
multiplicities, triplets can be represented by a sequence of 
single S terms, and by secjuences of triple P, D, and F terms. 
Other series of odd multiplicities can be represented W an 
odd number of terms in the different sequences S, P, D, F, 
increasing to the “ permanence number ” or maximum 
multiplicity r. When, however, the moments of momentum 
of the core and series electron are compounded vectorially 
to give the total moment of momentum of the atom, it is found 
that in order to get the correct number of terms we must now 
take for the moment of momentum of the core a vector 
s J(r — I) and for the moment of momentum of the series 
electron a vector ja^k— i. Values of s for certain multi¬ 
plicities are illustrated by the scheme: 

Singletfr-i, s - K* - 0 “o Doublet(,_« s - W2 - i) -1 
Tripletfr-s) s- 4(3- * Quartet(,_4) 5-^(4- i)-| 

This clearly shows, in the simplest outline, how non-integral 
quantum numbers are found to arise. 

There is an intimate relation between the multiplets of 
optical spectra and the anomalous Zeeman effect. The normal 
effect had been interpreted by Lorentz on the classical electro- 
dynamic theory. Bohr considered the perturbation due to 
an imposed magnetic field and was able to deduce an e3q>lana- 
tion in accordance with the quantum theory, and with the 
help of the correspondoice principle defined the observed 
components and their polarisation. The anomalous effect «i 
shown when, in a field of moderate strength, originally multiplet 



EVOLIJTION OF NEW QUANTUM MECHANICS (Sai 

lines further split up into groups of lines for the representation 
of which groujps of terms can be allotted satisfying the corre* 
spondence pnndple. Here again we are faced with half¬ 
integral quantum numbem, for as the numbers must differ 
by unity for a particular ^oup of terms, the magnetic quantum 
number m must be half-inte^l for spectral terms containing 
an even number of m terms, and integral for an odd number of 
m terms. Finally, to obtain the magnitude of the displace¬ 
ments, m is multiplied by a factor constant for a particular 
type of multiplet terms. This factor is g, the Land^ “ splitting 
factor ” or ^-formula. The existence of this factor and also 
the necessity of four quantum numbers instead of three to 
specify uniquely an electron orbit are instances of theoretical 
difficulties which will shortly be dealt with in the light of the 
new mechanics and the notion of the spinning electron. The 
experiments of Gerlach and Stern on the magnetic moment of 
atoms by direct observations on the deflections of atoms ejected 
from boiling metals, under the action of a magnetic field, threw 
light on a difficulty associated with the Land^ splitting factor. 
Inis factor has different values for different types of multiplet 
terms, whereas its value would be unity, and the magnitude 
of the terms in the anomalous Zeeman effect would be given 
by m independent of g for a classical interoretation of the 
moment of momentum in a magnetic field. The necessity for 
g indicates an abnormal value, either of the magnetic or 
mechanical moment due to some non-mechanical force or 
relation between the atomic core and the series electron. 
The work of Gerlach and Stem indicated the reality of this 
anomaly and established it as being magnetic and not 
mechanical. 

The Spinning Electron 

Towards the end of 1925 a suggestion made a few years 
previously was developed and applied by two Dutch physicists, 
Goudsmit and Uhlenbeck.* The basis of this new idea was to 
the effect that an electron should not be regarded only as a 
structureless point-mass, but that it should have an axis of 
S3nnmetry about which it could spin, and about which it couM 
have mechanical momentum and magnetic moment. It is 
assumed that the mechanical momentum can be quantbed, 
and to each electron is assigned an axial momentum of ih/zir. 
Corresponding to different states of the atom are different 
orientations of the spin axis relative to the orbital plane, and 
it can be shown that the energy difference of these states is 
proportional to the fourth power of the nuclear charge. As 
we nave seen, the anomaly of the Land6 splitting factor could 
i Natiimistmuck, 47 , p. 953> <9*5: Nah$n, 117, p. 264,1926, 



623 SCIENCE PROGRESS 

be escplained if some source of magnetic moment of the atom, 
additional to that due to orbital revolution, ^uld be found, 
for which the ratio (magnetic moment/meclu^cal momentum) 
was different from that due to orbital motion. The spin of 
the electron just satisfies this requirement, and, moreover, a 
correct quantitative result requires that the ratio should be 
twice the ratio corresponding to orbital motion, and this the 
theory is found to satisfy. 

A rule which is of great importance in assigning quantum 
numbers and in the analysis of complex spectra is given hjr 
l^uli’s exclusion principle, which states that an electronic 
orbit is uniquely specified by four quantum numbers, values 
for which cannot be the same for two electronic orbits ; or in 
other words, there is only one possible orbit of a given size, 
sl^pe, and position. Now an electron r^arded as a point- 
mass can have only three degrees of freedom, whereas four 
d^ees of freedom are a necessary consequence of four quantiun 
numbers to specify an orbit. The problem of assigning this 
extra degree of freedom is overcome by the spinning electron. 
On the new assumption of a rigid structure the electron has 
lost its simple character and can no longer be regarded as a 
point-mass. An extra degree of freedom, that of rotation, is 
supplied and the difficulty is eliminated. 

Among the peculiarities of X-ray spectra is the appearance 
of so-called screening and relativity doublets. A serious 
theoretical difficulty was associated with these doublets owing 
to the fact that their explanation required a mutual contradic¬ 
tion in the allotment of azimuthal quantum numbers for the 
orbits corresponding to the energy levels concerned, whicffi 
alternately brought us into conflict with the principle of the 
application of the relativity separation formula or with the 
selection and correspondence principles. The spinning electron 
furnishes an explanation, the relativity doublets being regarded 
as spin doublets due to a difference in the orientation of the 
spin aids relative to the orbital plane. A modification is 
moposed for the explanation of the fine structure of hydrogen- 
uke spectra, the spin now splitting the levels expected in the 
absence of spin into two, which fall into the places required. 
Light is thrown on the analogy between optical multiplets and 
X-ray spectral structure, for the alkali doublets can ^ regarded 
as spin doublets and their interpretation by quantum numbers 
and the application of the correspondence principle foUows 
naturally. 

Heisenberg’s New Mechanics 

The necessity of establishing a fresh outlook on the general 
problem of atomic processes and of formulating a new method 
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of mathematical treatment was ^dually forced upon physicists 
by an accumulation of difficulties resulting from the employ¬ 
ment of the older theory. The Bohr-Sommerfeld theory, as 
we have seen, presents us with a picture of the processes under- 
lyii^; the emission of radiation but not of the act of emission 
itself, the picture being that of one or more electrons jumping 
between one possible orbit or set of orbits and another. The 
motions of the system are controlled by the ordinary laws of 
classical mechanics expressed as Hamiltonian equations and 
subject to the restriction that not all the orbits allowed by these 
equations are permissible, but only those subject to certain 
quantum conditions. The intrinsically unsatisfactory feature 
of the theoretical position might be described as the lack of a 
system of mechanics which accorded with the fundamental 
quantum discontinuity. Our atom model postulated electrons 
moving in their orbits according to classical laws, but governed 
in their transitions between orbits by a law involving a dis¬ 
continuity entirely out of harmony with classical mechanics. 
It will not be denied that the model was one of great utility, 
in particular for the interpretation of spectra with the help of 
the correspondence principle which is based on the harmonic 
components into which the motion of the atom may be resolved, 
and regulating the transitions between stationary states. But 
the fact of having to appeal to these principles was in itself 
a confession of weakness in calling on the classical theory for 
results which the quantum theory was of itself unable to supply. 
The latter as it stood gave us no information about the 
intensities of the frequencies emitted, and when we come to 
consider the more complicated types of atoms, the difficulties 
are further multiplied by the mutual influences of the electrons 
and by the inherent difficulties of the many-body problem. The 
fiuther problem of occurrence of non-integral quantum numbers 
has already been noted. It would seem that the concept of 
quanta must invade the field of pure mechanics and that 
modem mathematical methods would come to the rescue of 
the situation by providing a new system of mechanics which 
would be a true generalisation, for small-scale phenomena, of 
classical mechanics with the latter as a limiting case, just as 
the theory of relativity provided a generalisation of the 
mechanics of large-scale phenomena. 

The work of attempting to formulate a general theory 
of atomic processes which should provide a means of ov^ 
coming these difficulties was initiated by Heisenberg in i92|. 
A description of the principles and mathematical basis of tlw 
work has appeared in these ps^es' and to it the reader is 

* ZnU.f. Phys., 88. p. 879,1935. 

* Plint. Sei0me» Prisms, July 1936, p. 48. 
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refored. It Mnill therefore be sufficient to recall here, in Imef, 
the nature of the new line of thought. Heisenberg's funda¬ 
mental postulate b that only such things as are experimentally 
observable should have a place in mathematical formulation. 

We thus virtually abandon our mechanical picture of an 
atomic model, and such theoretical concepts as positions of 
electrons, orbital frequencies, and periods which are not subject 
to experimental observation. Instead it is proposed to devise 
a means of deriving observable transition frequencies, intensities 
and polarisations by reference to the stationary states, and not 
as on the Bohr theory by an application of the correspondence 
principle to orbital motion. In the general problem of deter¬ 
mining the frequencies and amplitudes of emitted radiation 
Heisenberg started from Kramer's dispersion formula, and it 
b of interest to note that the classical expression for spectral 
frequencies involves a differential, while the quantum expression 
contains a difference, which suggests a clue to the probable 
necessary modification of classical results. On the classical 
theory the amplitudes and frequencies of a multiply periodic 
system can be found by expanding each particular co-ordinate 
as a Fourier series or one-dimensional set of terms. An atom 
requires a two-dimensional set of terms made up of quantities 
associated with possible transitions between stationary states. 
The simple harmonic frequencies comprising the spectra of the 
atoms satisfy the frequency condition 1 ^- E« =• vmJt. The 
positional co-ordinate q and the conji^ate impulse co-ordinate^ 
can be written in the forms qmn and which 

were shown to be two-dimensional sets of terms known as 
matrices,^ and represent the harmonic components defining all 
possible vibrations of the system. Algebraic rules for the 
purpose of dealing with matrices have been worked out, and 
ft b found that these, in particubr the multiplication rule, 
together with the essentbl properties of the matrices themselves, 
are peculiarly suited to the treatment of the atomic problems 
under investigation, and provide us with a calculus ot directly 
observable magnitudes. If we multiply together two matrices 
having equal frequencies in corresponding terms, the frequencies 
of the particubr terms in the resulting matrix will be the 
same as those of the corresponding terms of the two original 
matrices. 

We have, moreover, the now well-known non-commutative 
multiplication rule which so strikingly allows us to a^pt the 
analysb to quantum requirements and b expressed by the 
rebtions Pq~-gp"* h/ 3 ni. 

The solution of our matrix equations b restricted by the 
» Bom and Jordan, Znis.f. Phys., S 4 . p. 858,19*5. 
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Hamiltonian equation of the S3rstem and the above relation 
to give us Satisfying the Bohr frequency condition, *.a. 
in terms of a suitably assigned set of constants E for the atom, 
which are, in fact, expressed in terms of a diagonal matrix, 
which is a matrix function of the g and p, thus ensuring that 
they shall be characterised by one set of integers. 

When the solutions are substituted in the Hamiltonian 
equations the time factor cancels out in each equation and 
we have just the equations required to determine the amplitudes 
and frequencies, one frequency being associated with any 
particular co-ordinate. 

The new theory, providing such a powerful means of attack¬ 
ing an extensive branch of physical problems, naturally attracted 
the close attention of a very large number of investigators, 
out of whom the names of Born and Jordan may, jierhaps, 
be selected for special mention in view of their contributions 
to the firm foundation of essential principles. In collaboration 
with Heisenberg they extended the theory to systems of several 
degrees of freedom,* and it is noteworthy that the choice of 
the Hamiltonian function, which controls the whole procedure, 
necessitates writing for it the same matrix function of p's and 
f's as would be chosen for their ordinary algebraic function 
on the old Bohr theory. This and subsequent developments 
favour the contention that " it is not the equations of classical 
mechanics that are at fault, but that the mathematical opera¬ 
tions by which physical results are deduced from them require 
modification.” 

We look to the new theory to resolve difficulties, to which 
attention has been drawn. In the case of non-integral quantum 
numbers we can here instance the work of Born and Jordan • 
on the problem of the simple harmonic oscillator. They have 
shown that the values of E associated with it are JA*', fAv. ...» 
and that the only frequencies permitted are those correspond¬ 
ing to the quantum jum^s of the older theory. This was shown 
by Heisenberg in his original paper by less rigorous methods, 
thus giving the first dynamical theory leading to the half¬ 
integral quantum numbers demanded by the theory of mul- 
tiplets. Another striking feature of the new analysis is that 
instead of placing us under the necessity of appealing to the 
correspondence principle to decide on the permissible frequencies 
out of those possible, the new theory decides this of itself by 
predicting zero intensities for the absent frequencies. A short 
survey of the more important achievements in respect of actual 
atomic problems will be reserved until after we have discussed 
two further entirely different lines of advance. 

‘ Ztits.f. Pkys.. 85 , p. 557 - * 926 * 

» Pkys., 84 , p. 858,1925. 
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Wave Mechanics 

A most suggestive point of view was put forward by do 
Broglie * in his work on wave mechanics, and was to the effert 
that every mass particle, element of energy, electron, etc., is 
to be r^arded as a singularity of a pulsation which for any 
given time is in the same phase throughout space. If we 
transform to a space-time system of reference moving relative 
to the observer the pulsations will now appear as a phase wave 
travelling with the velocity c*/»» which, though in general 
greater than that of light, does not bring us into conflict with 
Relativity since only a phase and not a particle is involved. 
TTie possibilities suggested in this work were developed, by 
Schrddinger early* in 1926 with far-reaching results, and_have 
provided us with a system of wave mechanics which, as in the 
case of Heisenberg’s theory, can be said fo have revolutionised 
quantum mechanics. In Hamiltonian mechanics there is a 
fundamental analogy between Fermat’s Principle of Least Time 
in optics by which a light-ray path can be traced provided the 
wave-length of the light is small compared to the dimensions 
of the space in which it travels and the obstacles which it meets, 
and Maupertuis’ Principle of Least Action in dynamics, by 
which the paths of material particles can be traced provided the 
linear dimensions of the paths are large. The wave theory of 
optics deals with the breakdown of Fermat’s principle resulting 
in diffraction effects, thus geometrical optics can be regarded 
as a limiting case of wave optics for ve^ small wavelengths. 
The possibility is suggested that the failure of ordinary 
mechanics when applied to systems of atomic dimensions is of 
the same nature as the failure of geometrical optics when applied 
to such phenomena as diffraction and interference. We had 
previously no Hamiltonian analogy to the failure of Maupertuis’^ 
principle in atomic regions, and-it is this analogy between the' 
mechsmics of small-scale phenomena and the wave optics of 
small r^ions which Schrddinger’s theory proposes to supply. 
He makes the radical assumption that an atom can be repre¬ 
sented by a stationary wave in co-ordinate space instead 01 by 
a point in space, and proceeds to deduce for the wave hinction 
^ his fundamental equation which takes the form 

V'V^+^(E-V)f-o 

where V is the usual Laplace operator, and V the potential 
ena^ of the particle of mass m under consideration. It is 
not here practicable to detail the various assumptions and 

> Ann. d$ Phys., 10. p. aa, 1925. 

• Atm. dtr Phy*» 70, p. 361, p. 489, X9a6. 



IIVOLUTION OF NEW QUANTUM MECHANICS 627 

Steps used in the derivation of this equation, but instead we 
wiu consider its properties and interpretation. It has the 
property that only for certain values of the constant £ are 
there solutions for which are finite, continuous, single valued, 
and differentiable throughout space. The selection of values 
of the wave function which shall satisfy these conditions 
constitutes Schrodinger’s “ quantisation as a problem of 
characteristic values,” and these values are the eigenfunctions 
corresponding to a set of discrete values of E, the eigenwerte 
which are the energies of the stationary states. 

In the case of hydrogen V »=• — e*lr and can be suitably 
chosen for all positive values of E, corresponding to a con¬ 
tinuous series of hyperbolic orbits, but for a discrete set only 
of n«^tive values of E pven W En — — 2'’r*me*ln*h* determining 
the Bohr stationary orbits. The practical utility of the method 
b thus at once illustrated. 

Schrodinger extends his theory* to the calcubtion of the 
intensities of the lines produced by the Stark effect in hydrogen, 
and shows that fairly satisfactory agreement with the results 
of experiment is obtained. In addition to the solution of 
quantum problems in which the potential energy is a function 
of the co-ordinate alone and does not involve the time explicitly, 
a modification of the wave equation has been developed allow¬ 
ing V to involve the time explicitly and introducing a time 
daivative.* This permits the new equation to be applied to 
the problem of the perturbations of a conservative system due 
to a potential ener^ function which varies continuously with 
the tune, thus providing a means of dealing with the problem 
of dispersion. A dispersion formula identical with that of 
I^mers and Heisenberg is obtained, which involves a term 
giving the secondapr radiation to which the original wave 
nves rise, and containing the combination frequencies indicated 
by the Heisenberg anal}rsis ; information abo is obtained as 
to the specific conditions corresponding to the radiation of 
these frequencies. 

Dirac’s Quantum Algebra 

We have now considered shortly two entirely different 
systems of mechanics, .of which the wave theory has the 
advantage of being the more highly developed branch of 
analysis. The method of matrices is rather less familiar to 
the ph3rsicist, and the matrix calcubtions in the more compli¬ 
cated cases are not unattended by difficulties. We now turn 
to the important contributions made in thb country by Dirac, 

> Amt. dtr Phyt., 10, p. 437, iga6. 

* Ann. der Pkys., 81, p. 109,1936. 
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whose woric mav be described as a Quantum algebra, which 
has given valuable assistance in ccK>rdinating and simplifying 
the theories of Heisenbeig and Schrddinger. 

Dirac’s initial paper ‘ appeared towards the end of 1925, 
soon after the appearance of Heisenberg’s original memorandum, 
and showed that the quantum conditions for a multiply periodic 
system can be expressed in terms of a quantity analogous to a 
certain expression known in classical mechanics as a Poisson 
Bracket expression (hereafter referred to as a P.B. expression). 
An investigation is made of the fundamental theorems which 
are required for application to a dynamical system to take the 
place of the classical theorems, and are based on the non- 
commutative multiplication rule of two quantum variables. 
The relations which are to be taken over from the classical 
theory are defined, and the quantum conditions are established 
which must be satisfied by the canonical variables of the system. 
It is assumed that the equations of motion can be taken over, 
and in conformity with the non-commutative rule we can take 
over any equation deducible from the equations of motion by 
any process not involving interchange of factors of a product. 
It is found that the most general operation analogous to 
differentiation which can be performed on a quantum variable 
is to take the difference of its Heisenberg product with some 
other quantum variable. Dirac then inquires to what this 
difference, i.e. an expression of the form {xy — yx) corresponds 
on the classical theory, and arrives at the fundamental relation 
that the difference between the Heisenberg product of two 
quantum variables is *A/2ir times their P.B. expression [xo'j, 
thus we may write 

xy-yx’^^[x,y'\ 

The properties of the classical P.B. allows the deduction 
of the conditions which must be satisfied by the canonical 
variables of a S3rstem, and these are summarised in the equations 

qrq*- q.qr’^o 
prp! —PtpT *“ 0 
qTp,~P,qr’-‘o ^r ^ s 
qrPr—prqr’^ ihjlTr (i.e. f “S), 

which are equivalent to Heisenberg’s conditions. 

An interesting result of the non-commutative property of 
such variables is that thev cannot be numbers in the ordinary 
mathematical sense, and hence Dirac proposes to call them q* 
numbers as opposed to ordinary numbers which by distinction 
may be termed c-numbers ; thus as we have no definite picture 
* Proe. Roy. Soe., A. 100, p. 643.1935. 
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of the nature of ^-numbers we must suppose that when appear¬ 
ing in the solution of a quantum problem they are to be 
regarded as appearing analogously to a e-number variable in 
classical theory, while the interpretation of physical results 
must be made in terms of e-numbers. Dirac applies his theory 
to the study of practical problems, and dealing in this manner 
with the orbital motion of the electron in the hydrogen atom * 
he is able to arrive at the well-known formula for the Balmer 
terms of the hydrogen sj^ctrum. This has been arrived at 
independently by Pauli using the Heisenberg matrices.* 

A closely reasoned development of the established principles 
allows of the extension of the theory to more complicated 
problems, and it must be sufficient here to summarise Dirac’s 
outstanding results. The investigation of a number of electrons 
moving in a central field of force ’ allowed the calculation of the 
necessary half-integral quantum numbers corresponding to 
the various series of spectroscopic terms, as well as the formula 
for the energies of the stationary states, and the relative 
intensities of multiplet lines and their components in a weak 
magnetic field. Dirac also attacks the problem of relativity 
quantum mechanics * by adopting the principle of introducing 
canonical variables into the classical theory and reformulating 
it with P.B.’s in place of differential equations, he also for this 
investigation assumes that the time, t, may be treated as a 
9-number variable. This extension to the mechanics of moving 
systems enables him to deal with the well-known Q>mpton 
effect. It will be recalled that when X-rays are scattered by 
a thin layer or plate the scattered radiation undergoes a lower¬ 
ing of frequency. According to Compton’s light-quantum 
theory of scattering, an X-ray quantum of energy Av and 
momentum hvjc collides with an electron at rest and recoils 
at an angle with its original direction and with diminished 
energy and momentum, while the electron acquires a velocity 
and recoils in accordance with the laws of conservation of 
energy and momentum ; the frequency of the X-ray quantum 
is thwefore diminished. Dirac obtains results for the frequency 
and intensity of the scattered radiation in good agreement with 
Compton’s theory. The theory of the effect has also been 
successfully treated independeh^ by Schrodinger.' The 
anomalous Zeeman effect has, with the help of the spinning 
electron, yielded satisfactory quantitative results (including a 
deduction of the Land^ g-formula) in the hands of Heisenberg 

* Proc, Roy. Soc., A. 110 , p. 561, 1926. 
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and Jordan, ‘ who have also brought the calculation of the spin 
doublets within the range of the analysis. The fomuar has 
made a systematic attack on the problem of several bodies * 
for the elucidation of the more complex atomic systems, and 
for the representation of the essential characteristics of spectra. 
His application of the problem of the two-electron S3^tem solved' 
the well-loiown difficulty of the ortho and para terms of the 
spectrum of neutral helium,* while it has also been extended to 
the theory of molecules and their band spectra.* Heisenberg’s 
resonance theory has been applied by Foster * to a theory of 
the Stark effect in helium. The quantum treatment of impact 
processes has been attacked by Born,* with the help of the 
wave equation, and a solution found for the combination 
atom electron, from which transition probabilities can be 
determined. 

One of the most striking features of lines of progress so funda¬ 
mentally different as the matrix and the wave theory is their 
essential equivalence. Dirac, as we have remarked, with the 
help of his symbolic algebra deduced a simplified means of 
calculating the Heisenberg matrices.’ It is possible only to 
|;ive the briefest outline of the method adopted, which was to 
introduce, with the help of his fundamental postulate, 
differential operators into Schrcklinger’s equation. Any con¬ 
stant of integration of the dynamical system was shown to 
be represented by a matrix, while to obtain Heisenberg’s unique 
matnees the eigenfunctions were so chosen as to make the 
matrix representing the total energy a diagonal matrix. The 
solution of a problem in Heisenberg’s mechanics furnishes a 
multiplicity of matrix schemes satisfying Dirac’s quantum 
conditions, while the physical interpretation of a ^-number 
requires that it should be expressed as a diagonal matrix whose 
diagonal terms are the characteristic values of the ^-numbor. 
Tliese values are c-numbers and can therefore be compared 
with experimental results. Dirac deduced general transforma¬ 
tion equations' between two matrix schemes and from these 
showed, in particular, how it is possible to ^d the matrix 
scheme whiefr makes any function of the dynamical variables 
a diagonal matrix. We may now summarise a few of the 
results set out in Dirac’s most recent papers, bearing in mind 
certain topics which were previously mentioned as requiring 
* Zeits. /. Phys., 87 , p. 263, 1926, 
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iata^etation in terms of the new mechanics. Pauli’s exclusion 
prindple has been confirmed ' for two electrons ; a theory of 
emission and absorption of radiation has been advanced,' 
and the Kramers-Heisenberg dispersion formula has beai 
deduced.' It was shown that by the correct application of 
the 9-number theory to a point-charge electron the results 
previously obtained from the spinning electron could be 
deduced naturally without actually assuming a spin, although 
it was not necessary to abandon this conception.* The beauti¬ 
ful feature of the new theories taken as a whole is that so many 
of the empirical principles of the older theory find a natural 
outcome, and are deduced just as they are required without 
the need of arbitrary assumptions or of postulating them first 
and justifying them afterwards. Unfortunately we appear 
to be no nearer a mechanical picture of the fundamental 
nature and workings of the quantum, which seems to be inti¬ 
mately connected with the very existence of electric charges 
and the characteristics of the electro-magnetic field. The new 
analysis is symbolic in nature and, as we have seen, involves 
essentially the use of imaginary quantities. 

Touching on philosophical aspects it may be remarked that 
the difficulties of a causal space-time description of quantum 

E rocesses is closely connected with the important part played 
y statistical mechanics in recent developments. The principle 
of causality in physics takes the form that the future motion 
of a S3rstem can be determined if its state at any instant is 
known, while successive observations of the latter render our 
knowledge of the former more accurate. Heisenberg, recently 
reviewing ‘ the general relationship of quantum theoretical 
postulates and the principles of experimental observation has 
shown that a reciprocal uncertainty affects all measurements of 
atomic quantities, and has deduced an expression for the 
masdmum precision with which the space-time co-ordinates 
and the momentum-energy co-ordinates can be measured 
simultaneously. On quantum considerations the impossibility 
of neglecting the influence and interaction of the agency and 
the measurement introduces a new uncontrolled element into 
every observation. The characteristic inexactness with which 
canonical conjugate quantities^ can be determined simul¬ 
taneously is the particular basis for the appearance of statistical 
connections in quantum mechanics. From the fact that the 
electrical eneigy of a system can ordinarily be expressed as 

* Proe. Soy. Soc., A. 118 , p. 661, 1926, 
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a volume integral Schr^l^nger made the ingenious proposal * of 
interpreting ^ ^ where ^ is the conjugate of as the electric 
volume density, thus replacing the electrons in the atom by an 
electric density. Statistically this may be utilised as a measure 
of the probability for electrons being present within given 
space regions of the atom. In terms of the wave theory the 
Bose-Einstein statistics may be regarded as a justification for 
regarding a gas as a system of vibrations. A knowledge of 
the wave function, however, for an atomic system enables us 
to follow the course of a physical process so far as it is quantum 
mechanically determinate, not in a causal but in a statistical 
sense. 

Rapidly as the new mechanics is progressing we are far from 
any suggestion of finality. The ultimate aim must be the 
welding of the many-sided aspects of the laws of mechanics 
into a coherent and perfectly generalised system. 

‘ Ann. der Phys., 80 , p. 476, 1926. 
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In 1908 Keith Lucas [37] deplored in this journal the lack of 
contact between physiological thought and the theory of evolu¬ 
tion. He rightly felt that the study of the evolution of function 
held within itself the promise of great advances in biology, 
advances for which we should wait in vain if we adhered to the 
outlook generally permeating physiological laboratories. Too 
many pihysiologists and biochemists are provincial in time, and 
spare little thought for the evolutionary development of the 
functions with which they are dealing. The admirable researches 
of McCallum on the “ palaeo-chemical ratios ” in animals and of 
Barcroft and his associates on the evolution of the functions of 
blood have done much to remove this reproach from physiology, 
but biochemists have hardly begun to take a comparative and 
historical view. Perhaps the suggestion that closer relations 
should exist between not only zoology and biochemistry, but 
between palaeontology and biochemistry is obscure without 
an illustration. If this is so, I hope that the present paper 
will give an instance of the fruitfulness of their contact, for it 
aims at discussing in this way the problem of nitrogen excretion 
in the animal kingdom. One of the questions always asked 
by students in biochemistry is why some animals should excrete 
urea, some ammonia, some uric acid. As far as I know they 
have not so far ’been accustomed to receive any reasonable 
reply, and the problem has been set down as one of those arbi¬ 
trary dispositions of fate which, make the elementary class 
despair of biochemistry. I hope to show here that an answer 
can be given. 

Fiske and Boyden [17], in their memoir on the nitrogen 
metabolism of the hen’s egg, raised an interesting point when 
they calculated that 15 per cent, of all the water in the egg at 
the beginning is needed to excrete the 5 mgms. odd of uric add 
which are present in the allantoic liquid by the eleventh day 
of development. From that time onwards reabsorption of 
water vigorously proceeds, no doubt for the reason that without 

«33 
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it all the water in the residues and in the body of the embryo 
would be required to get rid of the tiric acid that is to be formed. 
It is as if the water acted as an endless belt conveyor, trans¬ 
ferring uric acid from the cells of the embryo into the allantoic 
liquid and then returning to transfer more. The fowl is always 
good at absorbing water from its excretions, for as Wiener [65] 
and Sharpe [60] have shown, the glomerular urine in the adult 
is quite liquid and the cloaca absorb great quantities Of wat«:. 
All terrestrial animals do this to some extent if the views 
of Cushny [8] about the function of the inainmalian kidney 
tubules are correct. But in the hen’s egg it is obvious how 
closely the process as a whole is bound up with the properties 
of uric acid. “ A substance as soluble and diffusible as urea,” 
say Fiske and Boyden, “ could not possibly replace it as an end- 
product when the organism and its excretions are confined to 
a closed system, the walls of which are only permeable to matter 
in the gaseous state.” 

This is a very important consideration. There appear to 
be only three substances which are available in the animal 
kingdom for carrying away the nitrogenous waste resulting 
from protein breakdown—ammonia, urea, and uric acid. The 
first two of these compounds are very soluble and diffusible ; 
uric acid is not. Quantitative expression of this fact has been 
given by Chauffard, Brodin, and Grigaut [7], who found a 
dialysis coefficient of 93 for urea but only 74 for sodium urate. 
The haematoencephalic barrier, according to them, allows urea 
to pass easily but not uric acid. Shut up as it is in its closed 
box, the chick embryo would evidently find uric acid by far 
the most convenient excretory product, for the two former 
would tend to diffuse throughout the egg and to establish 
themselves in equal concentration in all its constituent regions, 
instead of being packed into a small store. As it happens, we 
find in the work of Kamei [33] .a striking verification of this 
view-point, for he has recently shown that in the amniotic 
liquid of the chick, although the uric acid concentration never 
rises above a certain very low level, the ammonia and the urea 
rise continuously throughout development. It is easy to guess, 
therefore, what would happen if all the nitrc^en excreted by 
the embryo were in the form of urea. As an illustrative 
calculation we may take the uric acid present in the allantois 
at the end of incubation as 100 mgms. (data of Fiske and 
Boyden [17], Needham [43], Targon^i [62], and others)—».«. 
about 33 mgms. of uric add nitrogen or 66 mgms. of urea. 
This, distributed over an egg of contents approximately 40 gms. 
would be 165 mgms. per cent.—a definitely patholoncal figure. 
The egg would be " uraemic,” in the strict sense of the w<wd. 
The normal figure for the urea-content of human and bovine 
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blood is about 14 mgms. per cent, and the highest figure on 
record obtained by ingesting solid urea is just under 100 mgms. 
per cent. In severe renal obstruction or nephritis, it rises above 
100 and may reach 300 or 400, but 165 is undoubtedly of the 
pathological order of magnitude, and if the avian embryo had 
to suffer from a constant headache and other symptoms before 
hatching, natural selection would hardly have preserved it for 
our entertainment. These consequences can be avoided by the 
use of uric acid. 

Such considerations lead to the suggestion that the form 
of excretion of nitrogen adopted by an animal depends princi¬ 
pally on the conditions under which its embryo has to live. 
There is much evidence that the combustion of protein sub¬ 
stances as a source of energy is more marked in aquatic than 
in terrestrial embryos (Needham [45]). Table I, constructed 


Table I. 



Material burned os sotiroe of energy in per cent, of 
the total material so burned. 


Carbohydrate. 

Protein. 

Fat. 

Txrrbstrial : 

Callus domesHcus (hen) 

Murray [40] 

Needham [42] 

3*02 

5-57 

9 X -4 

Aquatic ; 

Rana temporaria (frog) 

Barth^l^my and Bonnet [3] 
Faur^-Fremict and Dragoiu [15] 
Bialascewicz and Mincovna [4] 
Needham [45] 

684 

7070 

**•4 

Aquatic : 

Savalinus foniinalis (brook-trout) 
Gortner [23] 

— 

63 

37 

Tsrrxstrial : 

Bombyx mori (silkworm) . 

Tichomirov [63] 

Farkas [14] 

— 

10 

^4 

Aquatic : 

PhuTomctes pUUessa (plaice) 

Dakin and Dakin [9] 

— 

90 

— 


The figures above the middle line those most accurately known. 


from as much of the information as is trustworthy, shows the 
partition between the substances comprising the total material 
catabolised. Thus only 5 or 6 per cent, of the total matter 
combusted by the chick embyro is protein, but the frog embryo 
combusts as much as 71 per cent, during its embryonic life. 
Everything points to very deep-seated differences between 
eggs which develop in the water and eggs which develop on 
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land. Not only do aqnatic embryos bum much more protein 
in per cent, of the totm material burned ; but also in per cent, 
of the initial store of protein. Table II shows this very clearly. 
The embryos of the chick and the silkworm are the only terres¬ 
trial ones for which we have dependable figures, and they 
agree in burning about 4 per cent, of their inital store of protein. 

TABLE II 


Animal. 

InvMtigator. 

Aquatic 

1 or 
tcfres- 
trial 
embryo. 

Protein nitxom oombuited during developnent 
in per cent, ut the total protein nitrogen preaent 

1 at the b^inning. 

Pisces : 
Brook-trout . 

Plaice * 

Gortner [23] 

Pearee [50] 

Dakin and Dakin 

bJ 

A 

A 

To hatching 3*4 

To end of yolk-sac period 22*9 

To end of yolk-sac period I7‘0 

To end of development 18*3 

Amphibia : 




Frog . 

Barth^l^my and 
Bonnet [3] 

Bialascewicz and 
Mincovna [4] 

Faur^-Fremiet 
and Dragoiu 
[i 5 [ 

Faur 4 -Fremiot 
and du Streel 
[x6] 

Gortner [24] 

A 

To disapp. of ext. gills 35*7 

To hatching 9*1 

To end of yolk-sac period 40*0 

To hatching XO‘6 

To end of yolk-sac period 23*1 

To hatching 9*2 

Salamander . 

A 

To hatching 4*9 

Iksbcta ; 




Silkworm 

Russo [55] 

T 

Whole development 3*9 

Avbs : 




Chick . 

Idzumi [32] 

T 

Indirect calcs. 5*8 

(AU figures are 

Sakuragi [56] 

T 

By protein lost 

lor the whole 

Needham [44] 

T 

By end-products found i-l 

of develop¬ 
ment) 

Fiske and l^yden 

[17] 

T 

By end-products found 3*4 


Among aquatic embryos, the frog, the trout, and the plaice 
agree in burning about 25 per cent.—about six times as much. 
In the case of embryos which hatch only half-way through their 
development, as most of the aquatic ones do, it is interesting 
to find that up to hatching their protein utilisation is not high, 
but that for the whole embryonic period it undoubtedly much 
exceeds that of terrestrial embryos. Thus there is reason for 
supposing that the terrestrial environment of the embryo has 
two effects on its protein metabolism : firstly, to suppress the 
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production of nitrogenous waste by removing the means of 
Its easy disposal, and secondly, to elevate uric acid to the place 
of importance as a means of excreting nitrogen. From this 
point of view, the invention of viviparity was a “ Back>to-the 
sea " movement on the part of the embryo, for even if, as 
McCallum [38] would have us believe, the maternal sea*water is 
practically pre>Cambrian, it is at any rate as good as any other 
sea-water for the disposal of nitrogenous waste-products, and 
from the embryonic point of view, a boundless ocean. In 
Other words, the continuous perfusion system of the vivipara 
provides an artificial sea and avoids the necessity of a uricotelic 
metabolism. Is it surprising, in view of these facts, that fishes 
turn the ammonia from their protein breakdown into urea, birds 
and reptiles into uric acid, and mammals once more into urea ? 

The thought may be stated in another way. Perhaps the 
sauropsida excrete their nitrogen mainly as uric acid because 
they had to learn how to do so in order to pack their embryos 
into solid- and liquid-tight boxes, and never afterwards forgot. 
Even the eggs of water-birds, which might be supposed to 
have the opportunity of excreting substances into the water 
around them, have impenetrable fat-impregnated shells, as 
Loisel [36] has shown. The highest avian groups, exemplifying 
as they do the most complicated form of nitrogen excretion, 
would thus represent the crowning achievements of the urico¬ 
telic line of evolution. And the fact that between the second 
and fifth days in the chick’s development it excretes ammonia 
and urea with no uric acid, would thus be a recapitulation of 
its pre-terrestrial or aquatic ancestry, entirely analogous with 
its ^ 11 -clefts. Moreover, the coincidence is exact, for it is just 
between the second and fifth days that the embryo manifests 
its morphologically piscine characteristics. Fig. i shows the 
mg^s. of ammonia, urea, and uric acid, present in embryo, 
amniotic, and allantoic liquid throughout incubation, expressed 
in terms of 100 gms. dry weight of embryo ; in other words, it 
shows what 100 gms. dry weight of embryo has manufactured 
in the way of nitrogenous end-products by any given time. 
Table III shows the relations between these substances in 
another way. Ammonia, urea, and uric acid are excreted by 
the chick embryo during its development, but the two first- 
named molecules only account for an insignificant part of the 
total nitrogen which it excretes. It is as if it attained its adult 
habits very early in development. As Table III shows, there 
is a precession in ontogeny from the smallest to the largest 
molecule, and from the most to the least efficient excretory 
product. And as had already been suggested, the whole 
sequence bears a recapitulatory stamp. It could be argued, 
of course, that if the chick can excrete urea early on in its 
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developmeiit, why should it not return to this practice after 
hatching ; but this would be to neglect one of the most charao> 
teristic matures of embryonic life, namely its continual tendency 



to lose totipotence and to move towards a stable," crystalline,*’ 
or set state. The chick embryo begins to excrete urea about 
the sixth day. It has recently been demonstrated by Przyleck 
and Rogalski [54] that before that time it possesses uricase, but 
after that time it does not. Perhaps, then, when the reptiles 
came ashore they found it was as well to leave their uricase 
behind them. But the presence of uricase is veiy erratic among 
the marine invertebrates, and our knowledge of its occurrence 
in amphibia and in reptiles is too limited to allow further 
conjectures in this direction. 


TABLE in 



Mdeeultf 
weight of the 
compound. 

Peroentago of 
nitrogen in the 
compound. 

Time of peak of 
masinium pro> 
duction in the 
chick’s develop¬ 
ment in days. 

Absolute mgms. 

of nitrogen 
excreted during 
the whole of 
the ohkik’s 
development. 

Fwoentaisol 
the total nitfo* 
gen excreted 
diiROg the wboli 

oftSeohlflk^ 

devetopment 

Aminoni* * 


8a-3 

4 

O'Xao 

1*07 

Uroft • 

60 

46*6 

9 

0843 

7*58 

Uric add « 

168 

333 

II 

io*i6i 

9 X -35 





11*124 













PROTEIN METABOLISM, ORGANIC EVOLUTION 63^ 

There remains the consideration that no animal would 
excrete uric acid as its main nitrogenous end-product unless it 
was driven to it, for of the three in actual use it is much the 
most wasteful. Ammonia is clearly the most efficient end- 
product, for it involves ho wastage of carbon, but of the other 
two, the carbon : nitrogen ratio is i : 2 in urea and i : 0*9 in 
uric acid. In other words, two atoms of nitrogen can be got 
rid of at the expense of only one carbon atom in urea, but 
only 0*9 in uric acid. It is just the same with oxygen. 
Each nitrogen atom takes away 2*2 atoms of oxygen with it in 
uric acid and only 1*5 in urea. These amounts may not be 
individually considerable, but collectively they may make all 
the difference between an efficient and an inefficient species. 
Uric acid, then, as the main end-product of protein metabolism, 
may be said to be more ingenious than the other two, but less 
efficient. 

The proposition that the circumstances in which the em- 
br3ronic life has to be passed ultimately govern the form in 
which the nitrogen is excreted, is thus not so far-fetched as it 
sounds. During the last fifty years much attention has been 
paid to the comparative study of nitrogen-excretion, but the 
methods of the older workers such as Krukenberg and Griffiths 
were so unreliable that the earlier literature may be neglected. 
More recently, the researches of Przylecki [53], Delaunay [i i], 
and others have begun the erection of a solid structure of 
knowledge about the forms in which nitrogen is excreted. 
We are thus acc^uiring, as it were, a wide series of phylogenetical 
base-lines on which ontogenetic phenomena can be superimposed. 
The general conclusions of these workers agree strikingly with 
the idea of an association between aquatic life and the excretion 
of ammonia and urea on the one hand and between terrestrial 
life and the excretion of uric acid on the other hand. But the 
important point is that it is the life of the embryo that is the 
key, not the life of the adult. An animal may live all its life 
in the sea, but if its eggs are laid and develop on land it may 
be predicted that its main nitrogenous end-product will be uric 
add. 'Mammals, from the chemico-embryological viewpoint, 
count as aquatic animals since the excretion of nitrogenoiu 
waste-products through the placenta is analogous to their 
excretion into water. 

In Table IV are collected together a number of figures for 
nitrogen excretion in various animals. All the older work has 
been excluded and as far as possible only quantitative investiga* 
tions of the percentage distribution of the excretory nitrogen 
appear. As a general rule the marine invertebrates excrete 
most of their mtrogen as ammonia—a simple and easy pro¬ 
cedure considering their environment. But with the increasing 



TABLE IV 

Quamtitativs Data for Nitrogen Pariition in Urine 
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betiachten " (von F&rtfa, p. 295). 
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complexity of the body, ammoma excretion disappears, for it is 
incompatible with a kidney, even in a very undeveloped form. 
Excretory structures—structures which have to live, as it 
were, in an excretory atmosphere—cannot deal with lughly 
alkaline liquids, and the great disadvantage about simple 
ammonia excretion is that a constant supply of acid is required 
to neutralise it. This acid is nothing but waste, and so among 
the marine invertebrates themselves we see urea superseding 
ammonia. Among the invertebrates the only ones at present 
known which have a high percentage of uric acid are the pul- 
monate gastropods, the snail and the slug, which live on land 
and have terrestrial embryos. Delaunay himself pointed out 
that the invertebrates could be separated into an ac^uatic and 
a terrestrial group, the former excreting much ammoma and the 
latter little, and he also remarked on the association between 
uric acid and terrestrial life. But this might remain enigmatic 
if we did not consider the needs of the embryo ; able, in the 
one case, to get rid of its nitrogenous waste easily into the 
surrounding water, and forced, in the other case, to keep it close 
at hand in very restricted quarters. Delaunay’s generalisation 
alone would not explain the mammals. It is the conditions 
under which the embryo has to live that govern what form 
of nitrogen shall be excreted throughout the life-span. As 
Table IV shows, the fishes and mammals (even the whale) with 
their urea and the birds with their uric add, fit in with the 
theory here propounded. The insects also are in perfect accord, 
for although we have no quantitative data concerning the 
nitrogen partition of their urine, yet it has been generally rec<^- 
nised for many years that uric acid is the most prominent 
constituent of their excreta (see von Ftirth [19]) and there 
is doubt if urea has ever even been shown to be present, A 
quite parallel case is that of the hymenoptera and diptera which 
excrete uric acid during metamorphosis into their fat-bodies, 
according to Fabre [13]. Thus the insects, coming to live on 
land earlier than the reptiles, had the same chemico-embryolo- 
gical problem to face, and solved it in the same way. The 
reptiles themselves form an interesting group in Table IV, for 
the two aquatic ones, the crocodile and the green turtle, show 
a high ammonia and urea excretion, while the snakes and the 
lizard, with their terrestrial embryos, show a high uric add 
excretion. It is, of course, among the reptilian group that 
such a difference would be likely to show itself, as they were 
the first vertebrates to conquer the land. 

The eggs of aquatic animals seem to divide into two classes. 
The frog and the plaice develop within membranes which 
readily allow the nitrogenous end-products to escape; the trout 
and Ascaris [34] do not. But hatching always occurs long 
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before the end of development in these aquatic forms, so that 
the permeability of the egg-membranes is unimportant from 
the point of view of nitrogen excretion. The trout at hatching 
gets rid of what has accumulated and for the rest of its embryonic 
life can excrete directly into the water. The elasmobranchs, 
which excrete their urea into their yolk (Needham and Needham 
[46]), would form a third class; but they are notable excep¬ 
tions in many ways, and to describe their behaviour in terms 
of the language here used would be to say that they use their 
own blood and yolk as the sea, and pile up the end-products 
of their protein metabolism within themselves. 

The amphibia never broke loose from the fishes ; they always 
retained a piscine larval stage and laid their eggs in water. But 
when the first reptiles left the sea, they were foccd with one or 
two very difficult embryological problems. To begin with, they 
had to find out how to abandon metamorphosis ; but, that accom¬ 
plished, they had to discover a way of arranging a water-supply 
for their embryos. As Gray [25] has shown, aquatic embryos 
alwa3rs depend upon their environment for a supply of water; 
in other words, the fertilised egg contains enough solid but not 
enough water to make the finished larva. The first terrestrial 
eggs, therefore, had to contain enough water as well as enough 
solid, and as arrangements to prevent undue evaporation were 
essential, the closed-box system inevitably developed.' The 
mechanism by which a constant pressure-head of water was 
provided in the terrestrial egg, namely, the egg-white, can be 
seen functioning at the present time in the as yet unidentified 
acid which, introduced by the embryo’s metabolism into the 
egg-white as Vladimirov [64] has shown, gradually brings the 
latter to its isoelectric point and liberates water by degrees 
from the colloidal albumen. All the economy of the successful 
terrestrial egg had to be directed towards conserving the water, 
and while a great bath would have been required to keep the 
urea concentration down within bearable limits, if all the nitro¬ 
gen was excreted in that form, only 20 per cent, of the water in 
the egg need be set aside for handling uric acid. Another way 
out of the difficulty would have been to burn no protein at all, 
and therefore to avoid all incombustible residues, and it is 

g OBsible that some of the extinct saurians explored the possi- 
ilities in this direction ; but I suspect that some factor which as 
yet we cannot quite define dictates from within the cells that 
life without protein combustion is not possible. It is therefore 
likely that such reptilian experiments did not proceed very far. 
In this way the closed-box system with its partial suppression 
of protdn metabolism and its uricotelic qualities came into 
beiM. 

There is another aspect to the need for water which was 

42 
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perhaps the main problem of the first terrestrial embryos. 
Babcock [2] and others have calculated that 100 gms. of fat 
on combustion yield 107*1 gms. of water, 100 ^s. of carbo¬ 
hydrate 55*5 gms. of water, and 100 gms. of protein only 41*3 
gms. of water. From Table I it is clear that terrestrial embryos 
burn much more fat than aquatic ones (average of 80 per 
cent, of the total foodstuff combusted as against 20 per cent.), 
and this again may be regarded as a consequence of their 
special needs. Energy is the same, no doubt, from whatever 
source it comes, but one source may be more convenient 
than another. In the hen’s egg, according to Murray’s data 
UOi 6*32 gms. of water are lost from the system during deve¬ 
lopment, and 2*01 gms. of solid as Co*. As 91 per cent, of the 
solid lost is fat, about 2-1 gms. of “ metabolic water ” are 
added to the egg, so that 3*4 gms. of water would have been 
lost if fat had not been burnt, or 40 per cent, more than what 
actually is lost. The chick in its closed box cannot afford 
to despise this extra two grams of metabolic water. 

No doubt the first terrestrial vertebrates laid their eggs in 


water, and probably, like the trout, they hatched early. But 
although this system may suffice in the sea, an embryonic reptile 
with a bag of yolk almost as big as itself would have, owing to 
obvious difficulties of locomotion, very little chance of survival 
on land. Such imperfectly mobile eggs would have been much 
too tempting for adults of other species. The terrestrial egg 
had therefore to be constructed in such a way that the young 
organism could stay inside a long time and hatch out sub¬ 
stantially mature. No chance, therefore, either to get rid of 
nitrogenous excreta at an early stage by hatching, or to 
excrete them through a semipermeable membrane. The only 
solution of the proWem was uric acid. When, at a still later 
date, the prototheria or metatheria branched off from the 
reptiles in the mammalian direction and first acquired true 
viviparity, the need for a uricotelic metabolism ceased.* For 
it is to be noted that there is no reason why an adult land 
animal should not excrete urea, if it drinks sufficient water, or 
even ammonia, if it has enough acid to spare. Thus Ambard 
found that a cat or a dog on a meat diet, if left to itself, 
dnnks exactly enough water to excrete urea at its maximum 
normal concentration, i.e. just to avoid the slightest uraemia. 
This is Ambard’s “ volume obligatoire." But what the adult 
does will depend on what the embryo had to do; in other 
words, on what its facilities then were for absorbing water and 
for getting rid of waste nitrogen. The existence of an albumi¬ 
nous solution round the yolk of the terrestrial' egg is, as Gray 


* The urine of Echidna has a typically mammalian nitrogen partition 
(see Table IV). ^ a r 
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says, an admirably adapted mechanism for providing the 
growing embryo with water. The use of uric acid—^insoluble, 
non-dinusible—^instead of urea or ammonia, is an equally well- 
adapted mechanism for dealing with incombustible waste, and 
the reabsorption of water through the allantoic wall is the 
mechanism which unites the two. 

A final reference may be made to the elasmobranchs. They 
are the only marine animals which have evolved the closed-box 
system or something approaching it. There are, perhaps, two 
possible explanations of their behaviour. They may first have 
discovered how to become permanently uraemic without suffer¬ 
ing from it, and then to have utilised the associated advantage 
of protecting their embryos until a late stage of development. 
Or they may have adopted a protective closed box and then 
become adapted in some way to withstand the consequent 
uraemia. In any case, they offer an interesting comment on 
the terrestrial egg, for they seem to have found out a way of 
avoiding the uricotelic qualities of the closed-box system—a 
way, however, which appears to have been only suitable for 
a very restricted class of animals. 

A generalisation or law might then be provisionally enun¬ 
ciated as follows : the main nitrogenous excretory product of 
an animal depends on the conditions under which its embryos 
live, ammonia and urea being associated with aquatic pre-natal 
life and uric acid being associated with terrestrial pre-natal life. 
If this should turn out to cover the facts not at present known, 
it will certainly be a contribution of chemical embryology to 
biology as a whole, for formerly there was not a trace of order 
or system among the facts obtained by comparative investiga¬ 
tions of nitrogen excretion, and no answer to the question of 
why a uricotelic metabolism should exist at all. The answer 
here suggested is that terrestrial oviparous animals would have 
been impossible without it. 
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THE MODERN VIEWPOINT IN REGARD TO 
THEORIES OF AROMATIC SUBSTITUTION 

By W. a. Watsrs, M.A., Ph.D. 

Iddtum in ChmnUiry, Unimiiiy of Durknm 

No theoretical aspect of organic chemistry has been so pro¬ 
foundly influenced by the electronic theories of chemical 
combination as the subject of aromatic substitution, and the 
great flood of recent research publications dealing with this 
one subject bears witness to the special suitability of this 
field of investigation for the testing of the theoretical specula¬ 
tions as to the nature of “ valency.” So many and so diverse 
in nature are the suggestions that have been made, and so 
rapidly have the various theories been modified to keep pace 
with new experimental observations, that few more complex 
subjects are to be found in modem chemical literature. It is 
pleasing therefore to realise that from the midst of this great 
controversy is emerging a general consensus of opinion, indi¬ 
cating that a fundamental theory can at last be proposed which 
links up much aromatic chemistry with current electronic views 
on atomic structure and chemical constitution. 

On considering the reactivity of all organic compounds 
containing the non-ionising ” covalent bond ” of two shared 
electrons it has long been realised that the initial stage in any 
reaction must be the loosening of the attachment of the atoms 
to each other, often with incipient ion formation. For example, 
the chlorine molecule when reacting with benzene tends 
initialljr to split up into both a positive and a negative chlorine 
ion, whilst the benzene molecule also must, before substitution, 
tend to separate into a positively polarised hydrogen atom and 
a residual phenyl group that contains a negatively polarised 
carbon atom.^ After the substitution reaction has actually 
occurred the two initially polarised molecules will have interacted 
so as to give free hydrogen chloride, from the separated ions, 
and also dilorobenzene from the residual radicals, which become 
linked together b^r a new covalent bond. As, in practically 
all known aromatic substitution reactions, pairs of free ions 
are produced from non-ionic ” bonded ” molecules, this 
* Cf. Ckm, Soe., Annual Reports, 1926, p. 135. 
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tendency towards ionisation may be taken as an indicaticm 
of what must be the fundamental mechanism of reaction. 
The additive processes, involving either intermediate addition 
reactions or intramolecular transformations, cannot be used 
to explain successfully more than a small fraction of the 
aromatic substitution reactions already known. 

Since aromatic molecules react in virtue of this tendency 
to eliminate ions, the local electrical fields in the neighbour¬ 
hoods of the various atoms—called the “ local polarisation ”— 
must be investigated before the actual substitution processes 
can be further explained. Such an investigation can be 
carried out in certain cases by measurement of the electro¬ 
static dipole moment of the molecule,* and though the electrical 
polarisation of the normal " resting form ” of the molecule, 
which is that measurable by purely physical methods, may be 
radically different from that of the “ activated form ” of the 
molecule at the moment of reaction, there is a remarkable 
agreement between the theoretical deductions drawn from 
such measurements and the known facts of aromatic substitu¬ 
tion. Benzene itself, being highly symmetrical, is electro¬ 
statically neutral, but substitution derivatives in general behave 
as molecular dipoles owing to the presence of the substituent 
group. The electrical potential, or “ resultant polarisation ” 
near any atom within the molecule will in such cases ^ffer 
from that of the standard zero of the unsubstituted benzene, 
and the replaceable hydrogen atoms of the compound will 
therefore show different degrees of reactivity in different 
positions, according to the extent to which ionisation as H+ 
is favoured. 

Since, in any aromatic substitution reaction, the hydrogen 
atom of the benzene derivative must separate as a positive 
ion, and the carbon atom of the aromatic ring must attract 
the positively polarised entering group by means of its 
negative charge, it can easily be understood why substi¬ 
tuent groups which attract electrons diminish reactivity 
and vice versa. For example, a phenyl-ammonium salt {e.g. 

Ph N McJnO, — Figure i) contains, attached directly to the 
benzene ring, a positive ion (N+) which will attract to itself 
the mobile electrons of the aromatic ring system, leaving each 
carbon atom with a resultant positive potential, and therefore 
not in a condition favourable for reaction. 

The negatively charged oxygen atom of the phenoxide ion, 
that certainly exists in all solutions of phenols in hydroxyUc 
solvents, will, in contrast, endow the carbon atoms of the 
ai^matic ring with a negative potential and render them more 

> Cf. Chem. Soc,, Annwi Reports, 1926, pp. 144-9. 
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reactive than in benzene itself. Non-ionic substituent groups 
which attract electrons (as chlorine) or repel them (as the 
methyl group) will act m the manner of positive ion and 
negative ion substituent groups respectively, though generally 
to a much smaller extent. A simple, but consistent, electronic 
explanation of the great differences in reactivity between the 
various classes of aromatic substitution compounds is therefore 
at hand. 

It may be stated that this intramolecular electrostatic 
polarisation influence is usually termed the “ general polarisa¬ 
tion effect ” by the Manchester school of investigatorsBy 
Ingold * it has been called an “ Inductive Disturbance,” whilst 
by Flurscheim it has been considered to be the only true 
” polar factor ” influencing molecular reactivity.’ It may 
perhapts be pictured most easily as a general drift of electrons 
towards or away from the ” directing ” substituent group. 




The specific attraction of entering substituting groups to 
the carbon atoms in both the ortho and the para positions, 
or else only to those in the meta positions relative to a ” direct¬ 
ing substituent group ” already present in the molecule, 
is, however, the most fundamental fact of aromatic chemistry. 
It can only be explained by postulating the existence of an 
“ alternating polarity effect ” superposed on the general 
polarisation effect. This second type of polarisation influence 
must, at the instant of reaction, if at no other time, produce 
at certain, specific carbon atoms in the aromatic ring intense, 
though local, negative electrical fields, to which the enterii^ 
positive radicals must be attracted so strongly as to be able to 
displace the hydrogen atoms previously there present. Within 
the aromatic ring system there must occur a regular alternation 
of available chemical enei^ from atom to atom, originating 
from some electrically polarised ” key atom ” situated within 
the directing group. 

An electrostatic basis for theories of alternate polarity may 
be obtained by considering the chemical molecule to be built 
* J, Chem. Soc^t 1926, 401, 
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up of a number of electrical conductor situated wi|J^n an 
insulating dielectric. If a charged atom, or a dipole group, 
be introduced at any one point in such a system, local polarisa¬ 
tion fidds will be set up on each conducting atom, whidji will 
most probably alternate in sign in the requisite consecutive 
manner.* These local polarisation fidds may occasionally 
be so strongly differentiated as to correspond with a system 
of alternating “ semi-polar bonds,” as postulated by Lowiy,* 
in which bound ions and not neutral atoms constitute the 
skeleton of the benzene ring. Another theory of this same type 
is that of Flttrscheim,* who considers the alternating polar effect 
to be a quantitative factor, and measurable by the amount of 
available affinity (or free negative charge) on any of the carbon 
atoms of the benzene ring. 

Intense local electrical fields, however, cannot be detected 
within aromatic molecules in their normal unreactive ” resting 
states,” and electrodynamic theories to explain the production 
of suA fields at the moment of reaction only consequently 
seem to be more in accordance with experimental fact. Aromatic 
compounds usually need to be activated by catalysts before 
they can be substituted, and it seems probable that the addi¬ 
tional energy quanta then available become concentrated in 
the immediate neighbourhoods of the reacting atoms, where a 
high degree of local electrical polarisation may be attained. 
The ” directing substituent group ” must play a great part in 
guiding this extra free eneigy to the selected positions of 
attack, and is usually supposed to do so by initiating some 
tautomeric (or rather electromeric) transference of electrons. 
The benzene ring system is peculiarly adapted to be able to 
transmit intramolecular movements of electrons from atom to 
atom without alteration of its intrinsic structural form, and 
an electron pulse set up by one activated atom could result 
in the production of a free negative field on a distant atom. 
For example, the chlorine atom in chlorobenzene (Figure 2), 
having a strong attraction for extra electrons, might receive 
a free electron (a) from an external catalyst, and, in such a 
case, would then have to expel another (ft) in order to preserve 
its octet stability. In this way would be originated an electron 
pulse throughout the benzene ring which, as illustrated in the 
magram, would eventually lead to the momentary production 
of an intense negative electrical field at either carbon atom 
(2) or else at carbon atom (4). This would immediately be 
followed by substitution at the activated point. 

As the rate of substitution at the various positions around 

* Cf. Lapworth. /. Chsm. Soc., 1:933, 121 , 416; Keormack and Robingon, 

<W 4 ., p. 427. 

* J. Chem. Soc., 1923, 128 , 822. * iM, eit. 
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the aromatic ring will be proportional to the frequenqr of 
reo^tion of these electron pulses, the type of substitution 
induced in any aromatic compound will depend upon both 
the direction of the movement and the frequency of emission 
of the electron pulses from the activating directing group. 
The most active directive agents will be those groups which 
can most easily expel electrons by means of these tautomeric 
pulses which could activate both the ortho and the para posi¬ 
tions. Conversely, groups which collect electrons will tend 
to prevent this local electronegative activation in the ortho 
and para positions, for they will be liable to withdraw to them¬ 
selves pulses of electrons originating elsewhere within the 
molecule. As the carbon atoms in the meta positions are the 
least affected by tautomeric changes it can be stated that 
whilst electron-expelling groups produce ortho-para activation 
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(and substitution) electron-attracting groups will lead to 
meta substitution, though merely by inlubiting this localised 
polarisation. 

The question of whether a substituent group will act as an 
activating “ electron source ” or as a deactivating " electron 
sink ” with respect to these electromeric pulses can usually be 
decided from a knowledge of the electrochemical natures of 
its constituent atoms under the special reaction conditions 
employed. In the case of complex substituent groups, however, 
both the intensities and the frequencies of the electron pulses 
transmitted to the aromatic ring are resultants of effects due 
to every atom present. As the effective resultant electron 
charge transmission from any atom falls off very rapidly 
with increase of distance, it can be stated that the atoms 
nearest to the aromatic ring have the preponderating influence. 
Outer atoms, whether forming part of the substituent group, 
or existing in locally attracted solvent molecules or ions, 
can, however, exert upon the electron pulse activation an 
appreciable modifyi^ electrostatic action which has been 
termed ” electrostnction.” * In addition the normal ” general 
pok^ty ” or ” electron drift ” polarisation within the molecule 
‘ Cf, /. Ckm. Soc., 19*7, 813, ajj2. 
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does influence, and sometimes may haps even induce, the type 
of momentary electron {pulses set up by the directing group. 
At all the possible reaction positions within the molecule the 
resultant induced activation will of course be the algebraic sum 
of the magnitudes of both of these polar effects, one or other of 
which may predominate according to the circumstances. 

Most modem researches upon aromatic substitution are 
concerned with the evaluation of the relative strengths of these 
polar influences for different types of substituent groups. 
Many valuable results have been obtained from reaction 
velocity measurements, particularly by Olivier and his col¬ 
leagues in Holland, which seem to indicate that the general 
electron drift influence is usually the predominating factor 
in determining aromatic reactivity.^ Other measurements 
indicate that groups preserve similar relative activating powers 
under widely differing reaction conditions,* thus justifying 
the validity of the many deductions that have been drawn 
from the examination of the substitution reactions of already 
highly substituted aromatic compounds. The quantitative 
effects of systematic modification of the standard types of 
substituent groups have also been studied extensively in this 
country, with the object of ascertaining the actual points of 
origin of the electropolar influences. 

From many indications it appears that it will not be long 
before it will be possible to draw up tables of quantitative 
values for each type of polarity-inducing force, from which 
might be deduced both the courses of aromatic substitution 
reactions and also the percentage 3delds of the various probable 
isomers. Much experimental verification of theoretical con¬ 
ceptions, and elimination of discrepancies between various 
points of view, however, must be attained before aromatic 
substitution laws can be expressed by theorems as concise as 
those current in the domain of-physical chemistry. 

* Cf. Shoesmith and Slater, /. Chem. Soc., 1926. 216. Olivier, Rec. trav. 
ehim. der Pays-Bas, 1922, 41 , 646 ; 1923, 42 , 516. Berger and Olivier, ibid., 
1927, 48 , 517- Berger, ibid., igzy. 46 , 545. 

* Bradfield and Jones, J. Chem. Soc., 1928, loio. 
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MODERN VIEWS OF MARS 

By J. a, LLOYD, F.R.A.S., Telpyn Observatory, North Wales, 

A NEAR approach of Mars to the earth is ever an event of 
momentous significance. It is then that the wireless enthusiast 
dons his- headphones and listens with breathless eagerness for 
any stray signals which might possibly emanate from Martian 
wireless stations. It is then that every astronomer is besieged 
with questions relating to the supposed inhabitants of the ruddy 
planet, while his observatory is generally crowded with visitors 
waiting for a peep through the telescope, in the hope of catching 
a glimpse of our celestial neighbours. 

These approaches of two worlds, the theory of which 
lies outside the scope of the present article, are called, by 
astronomers, “ oppositions,” and they occur, on an average, 
every twenty-six months. It is during an opposition that the 
planet can be studied to the best advantage, and consequently, 
every succeeding opposition marks a step forward in our 
knowledge of our mysterious neighbour-world. 

Every opposition, however, is not equally favourable in 
point of nearness, and not for a long time to come will the two 
planets approach each other as closely as they did in 1924. 
Nevertheless, most oppositions afford good views of the Martian 
surface details, which are, broadly speaking, so similar in 
character to what our own earth would show, could we view 
it from Mars. 

Every Martian opposition is, therefore, eagerly awaited 
by astronomers, every telescope, large and small, and every 
possible method of research, being broup:ht to bear on the 
problem. The main object of their inquuries is to study the 
climate of Mars, and to endeavour to settle the vexed question 
of the nature and origin of those mysterious features popularly 
called ” canals,” and which some astronomers confidently 
hold to be the work of skilled Martian engin^rs. The reasons 
for this belief, together with certain objections to it, will be 
explained further on. 

Meanwhile, as a preliminary, and in order to familiarise 
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tmadves with our subject^ let at just mn over, very htiidly* 
the history of Martian dboovery. |h this way we shia]l le(Km 
just how our knowledi^ of the planet has mwn to its present 
extent from small beamings. We shall thus be able to |ife- 
serve a proper perspective, and we shall learn also to appreciate 
a little the great and manifold difficulties that lie in the way 
of a complete understanding of Martian phenomena, and how 
persevering astronomers, with mighty brains and all the 
resources of money and science to back them, have gradually 
met and overcome these obstacles one after the other. Not 
that our knowledge of Mars is by any means complete ; it is 
far from being that, nor is it likely to be so for some time to 
come. 

When the illustrious Galileo, in 1610, turned his newly con¬ 
structed telescope to the heavens, it is no matter for wonder 
that Mars should have been among the earliest objects of his 
careful scrutiny. He failed, however, to detect the slightest 
indication of its “ seas ” and continents, and all he was able 
to state was, that Mars sometimes exhibits a slight phase, like 
a miniature gibbous moon. When we remember that Galileo’s 
baby telescope magnified only thirty times, and was, besides, 
far from perfect optically, we must admit that he did very 
well. 

Other contemporary observers fared little better, and it 
was not until 1630 that Fontana, of Naples, using a more power¬ 
ful telescope than Galileo’s, observed a grey marking on the 
planet, and which he found after a time to have changed its 
^sition. This apparent movement of the grey marking 
Fontana rightly attributed to the rotation of Mars on its axis. 

The marldngs on the face of Mars were much better seen by 
Huwhens in 1656, and also about the same time by Hooke. 
To Huyghens we owe the first drawings of Mars ever made, 
and, crude though they are, his little sketches have proved of 
immense value to astronomers. For many of the marki^ 
he delineated can be identified and compare for position with 
modem drawings and photograj^hs of the same objects, and 
have thus been the means of fixing the length of the Martian 
fiuy to ^th of a second ! 

The next astronomer of any note to take up the study of 
Mars was an Italian named Cassini, who, in 1666, using a 
telescope magnifying 130 times, clearly noted a number of 
greyish marku^ss on the disc of Mars. Cassini found that the 
same markings reappeared after an interval of 34 hours and 
40 minutes, and accordingly he fixed on this value as the length 
of the Martian day. This early determination of Mars’s rota¬ 
tion period is very creditably near the truth. Actually it is 
34b. 37m. 33*581. 



Mars as seen with a Newtonian J<etlecting Telescoyje of 
aperture: showing Polar Caps, Ci»ntinonts, "Seas" and Canals. 
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In IlintUU drew attention to two exceptionally i>right 
mitclies seal* tlie poles of Man. These are the polar caps of 
liars, probably of snow as in the case of the earth. So con- 
SpjbwDUS are these features under certain conditions that they 
must have been perceived by the keen-eyed Cassini, and possibly 
by Other observen ; but no one seems to have considered them 
^rthy of much attention. Maraldi, however, makes a special 
note of the fact that, while the polar caps seemed to keep to 
their positions, yet they varied greatly in size from time to 
time. 

The systematic study of Mars, however, began during the 
latter part of the eighteenth century, when Sir William Herschel 
brought his powerful reflecting telescopes, and his unrivalled 
skill as an observer, to bear on the problem. After a lengthy 
study Herschel came to the conclusion that the dark or greyish 
markings which the earlier observers had seen on Mars were 
in reality seas, the brighter areas being the continents, there 
being far more land than water on Mars. The patches of 
superior brilliancy which Maraldi had observed he considered 
to be tJrue polar ice-caps, which varied in form and size with 
the progress of the Martian seasons. That Mars possesses an 
atmosphere of considerable density Herschel concluded from 
the fact that portions of the planet’s surface were liable to be 
temporarily obscured at certain times, presumably by dense 
strata of clouds. 

The observation of Mars went on steadily during the 
nineteenth century. Beer and Madler, two painstaking 
German astronomers, made an intensive survey of the planet’s 
surface during the period 1830-9. Though the instrument 
employed by them in their researches was only of 4 inch^ 
aperture, yet, with true Teutonic thoroughness, they used it 
to such good purpose that they were able to produce a very 
good map of the pnnapal features of the planet—the first 
ever attempted, by the way. A better map was later_ con¬ 
structed by Proctor, who worked from a magnificent series of 
drawings made by the celebrated observer, W. R. DawjM. 

It would be quite impossible, in the space at our disposal, 
to numerate all the devoted observers who worked on the 
problem of Mars during this period. The names of Terby, 
Lockyer, Kaiser, Nasmyth, De La Rue, Browning, and Green, 
appear among a host of telescopists, both amateur and pro¬ 
fessional, who did splendid service in unfolding to us the 
topography of our wonderful neighboiu* planet. 

Nor were other lines of attack neglected. That most power¬ 
ful weapon of the scientist, the spectroscope, which is really 
an tnatrument for analysing light, was directed to Mars by 
Hnggim in 1867. His object was to search for traces of water 
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vapour in the atmosphere of Mars, and he considoed the 
verdict of the spectroscope to be conclusively affirmative. 
Vogel, in 1873, obtained tne same result. Strangely enough, 
suteequent observers obtained negative results ; for instance. 
Prof. Campbell, of the Lick Observatory, both in 1894 
and in 1896, failed to detect, both visually and photographically, 
the slightest evidence of aqueous vapour in the atmosphere of 
Mars. It was not until 1914 that definite proof of its presence 
was obtained by Slipher at the Lowell Observatory. 

The year 1877 was a memorable one in the history of Martian 
discovery. In the first place. Mars was in an exceptionally 
favourable position for observation, thus affording a much 
clearer view of its surface than usual. Advantage was taken 
of this fact by Signor Schiaparelli, of Milan, to examine Mars 
on every possible occasion with a very perfect, though not 
a very large, telescope. His perseverance was rewarded by 
a discovery so very singular that many years were to elapse 
before the astronomical world deigned to accept it as a 
fact. 

For Schiaparelli found that, in the rare moments of the 
best “ seeing,” the land areas of the Martian surface were crossed 
in every direction by a network of fine, dark lines. The most 
marvellous thing about these lines was that they were geo¬ 
metrically straight, varying in length up to more than 3,000 
miles. Schiaparelli immediately assumed that these bewilder¬ 
ing features were neither more nor less than channels for water, 
since they evidently joined the Martian ” seas " one wth 
another, and he called them by the word ” canali,” which 
is merely the Italian for channels. Unfortunately, the word 
was translated into English as ” canals,” thus impl3dng that 
the markings observed by Schiaparelli were artificial, an implica¬ 
tion which their discoverer was careful to refute : still, somehow 
or other, the name has stuck. Nowadays, of course, the name 
does not sound so strange. 

In 1879 Schiaparelli again saw the canals, and yet ag^n 
in 1881-2, when he observed that twenty of them appeared 
double, like the twin lines of a railway track, a distance of 
from 200 to 400 miles separating the .components. The strange¬ 
ness of this observation involved Schiaparelli in a storm of 
ridicule, and his eyesight, if not his good faith, was questioned 
in no uncertain terms. 

But, very gradually, other observers in various countries 
began to report that they also had seen Schiaparelli’s canals. 
They were perceived, for instance, by Perrotm and Tholon, 
at Nice, by Burton in America, and by Stanley Williams m 
England. Schiapsurelli's observations were thus seen to have 
at least some .basis of reality; whatever the true nature of 
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the canab, at any tate they were not entirely illusory, especially 
since these other observers could also see the duplicated 
canab. 

Prof. W. H. Pickering, in 1892, carried the matter a step 
further. For he found that the canal tracks were not at all 
restricted to the Martian continents, as had originally been 
supposed, for at least one of the “ seas," namely that known 
as the Mare Erythrzeum, was distinctly seen to be crossed by 
several canab. This, of course, proved conclusively that the 
Martian oceans contained no water, whatever may have been 
the case in the past. 

There is one celebrated observer, however, who, in regard 
to Mars, stands quite in a class by himself. This was the late 
Prof. PerciVal Lowell, who, being possessed of great wealth, 
and a natural genius for astronomical observation, combined 
with boundless enthusiasm, erected and equipped a magnificent 
observatory, expressly for the study of Mars. This was in 
1894, and the site chosen was at Flagstaff, Arizona, where 
the finest observing conditions in the world are experienced. 

The first telescope was an 18-inch refractor, constructed 
by the famous firm of Alvan Clark; but this was soon replaced 
by a larger one, 24 inches in diameter, also by Alvan Clark. 
Other instruments were subsequently acquired, including a 
fine reflecting telescope of 40 inches aperture, and the Lowell 
Observatory b now one of the most important in the world. 

Here, then. Dr. Lowell and a devoted band of assistants, 
which included Pickering, Douglass, and the brothers Slipher, 
were engaged in the unremitting study of Mars until Lowell’s 
death in 1916. Discovery after discovery rewarded their 
efforts, and, as a result of hb observations, Lowell convinced 
himself, and a few other astronomers, that Mars is inhabited 
by intelligent beings, and that the canals are the handiwork 
of these inhabitants. 

Another observer; of much the same type is M. Jarry 
Desloges, a wealthy French amateur, who has developed a 
remarkable system of mobile observatories, of which he 
possesses several, equipped with moderate-sized, but very 
perfect, telescopes. Hb observatories are moved, d A* circus, 
from place to place as occasion requires, so that this unique 
star-^er is able to keep in touch with Mars practically all 
the tune. 

Here, however, we must conclude our very imperfect sketch 
of the history of " Areography,” as the study of the surface 
of Mars is called, and devote the remainder of this article to 
the consideration of modem ideas regarding the features 
visible on the face of the planet. We shall thus see how the 
foregmng observations, dating back at least to Herschel’s 
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time, are to be reconciled one with another in order to give 
a consistent view of Mars as a world. 

Suppose, then, the reader can gain access to an astronomical 
observatory, and is given the opportunity to observe Mars 
through a telescope of considerable power. What may 
expect to^ see ? He will, if conditions are favourable, see a 
circular disc of a bright orange colour, and he would probably 
judge this disc to be about the size of a lai^e marble. On the 
disc is pr^ented a map-like arrangement of alternately light 
and dark'areas. If the observations are continued night after 
night, different arrangements of markings will become visible 
as different regions of the planet are brought round into view 
by rotation. 

These markings are permanent, except for changes of colour 
as the Martian seasons come and go, and for temporary obscura¬ 
tions sometimes by white, and sometimes by yellow clouds. 
The white obscuring patches are believed to be true clouds of 
water vapour in the atmosphere of Mars, while the yellow 
clouds are considered by some astronomers to be sand-storms, 
but there are grounds for believing these also to be true clouds 
of water vapour. The heights of some of them have been 
measured at the Lowell Observatory, and they were found 
to average about 15,000 feet, the heights of the white clouds 
being very much more. It is likely, therefore, that the yellow 
clouds are in reality white, but appear yellow because they are 
seen through a greater thickness of the Martian atmosphere. 

In general, the dark areas, conventionally called seas, 
exhibit a greenish-grey shade, while the remainder of the 
planet is of an orange colour, and is believed by most observers 
to be desert pure and simple. The proportion of “ sea " to 
land on Mars is as 3 to 5. 

The polar caps, already referred to, are remarkably variable. 
During the Martian winter the cap in the affected hemisphere 
is vexy large, covering an immense area of the planet’s surfece. 
But, as soon as the Martian spring comes in, the cap begins to 
shrink rapidly, until, by the end of the Martian summer, it has 
practically disappeared. Indeed, the southern polar cap does 
occasionally vanish entirely, though not always, whereas the 
northern cap has never been known to do so. Thb cyde goes 
on continuously year after year. 

It seems most natural to suppose that the polar caps of 
Mars are indeed composed of snow, though some critics have 
suggested that they may be solid carbon dioxide. Other 
astronomers, however, believe them to be successive deposits 
of hoar-frost, at most not more than a few inches thick, rather 
than immensely thick sheets of ice similar to our own polar 
ice-fields. One important fact which does seem to corroborstte 
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thia theozy is that, when Mars is in quadrature, white patches 
are often seen near the terminator, which quickly disappear 
when they are brought by rotation towards the centre of the 
disc. The terminator is, of course, the sunrise line, where 
we should expect to see traces of hoar-frost which had been 
deposited dunng the night. ' 

Another fact which seems to point strongly to the same 
conclusion is that the polar caps do not shrink in a particularly 
symmetrical manner. It happens that the shrinking takes 
place in patches which get left behind as the central portion 
of the cap dwindles away. These patches persist for quite 
lon^ periods, and seem to occupy the same areographical 
positions every year. There is only one way in which we can 
account for this phenomenon, and that is by supposing that 
these isolated white spots occupy the high mountainous regions 
of the planet, where we naturally expect to find traces of snow 
lingering long after it had disappeared from the more low- 
lying areas. 

That the greyish regions of Mars are not seas in the strict 
sense of the term had long been suspected. The main reason 
for the suspicion lay in the fact that the most pronounced 
seasonal changes were seen to occur in these regions. Though 
these dark areas preserve their form and extent unchanged, yet 
they vary greatly from time to time in their degree of visibility, 
sometimes being very difficult to observe. Some regions 
undergo most remarkable changes of colour, which repeat 
themselves over and over again, and are clearly dependent 
on the Martian seasons. The suspicion became practical 
certainty, however, when Prof. Pickering announced the 
discovery of canals crossing the so-called seas, for it was 
impossible to imagine markings of this sort on anything but 
the driest of d^ land. A negative proof is also provided by 
the fact that, if the seas were really liquid, or if there were 
a sheet of water of any reasonable size on Mars, it would, under 
certain conditions, show a reflection of the sun as a brilliant 
point of light, which would be easil3r visible in large telescopes. 
It has been calculated that a lake six miles in diameter would 
sufiEice to show this optical effect; but, though such a point 
has been repeatedly looked for, it has never once been seen. 

The canals are, however, the pUce de resistance of Martian 
observation, and upon their true nature devolves the answer 
to the well-worn question. Is Mars inhabited ? At one time 
the canals of Mars were regarded as mere optical illusions on 
the part of the observer, or even as projections on the image 
in the telescope of the blood-vessels in the eye. But there can 
now be no question of the objective reality of those markings, 
Mnce the drawings made by many skilled observers workmg 
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quite independently, and in various parts of the world, show 
tne canals as occupying the same identical positions. 

What is the smallest telescope that will show the canals ? 
This is a question that is very difficult to answer, for much 
depends on the observer, and more still on atmospheric con¬ 
ditions. Schiaparelli discovered the canals in the first instance 
with an 8-inch refractor ; but that was in the clear air of Milan. 
Stanley Williams afterwards saw them with a 6j-inch reflector, 
while Prof. Pickering could even see some of the more con¬ 
spicuous canals with a 4-inch refractor at Arequipa, in Peru ; 
but this is an extreme case. The writer has repeatedly seen 
a large number using a reflecting telescope with a i2|-inch 
mirror. 

On the other hand, the late Prof. Barnard, one of the most 
skilful observers who ever lived, could see no canals, even 
though he employed some of the greatest telescopes in the 
world. This is also the attitude of M. Antoniadi, who has 
observed Mars vrith the great Meudon telescope. The advocates 
of the canals, however, have a ready answer to this. They 
say, and quite rightly, that though a small telescope may be 
inferior to a large one in sheer magnifying power, yet its 
defining power may be, and often is, far superior. A very 
large telescope is always hampered by want of steadiness in 
the atmosphere, and will seldom afford such clear views of 
planetary detail as an instrument of moderate dimensions. 
Large telescopes are really for other work. 

The best observers also differ greatly in their perception 
of the canals. The majority draw them as hard, fine dark 
lines, with circular dots at their intersections, and so they 
appear to the present writer. Other observers, equally skilledf, 
see the canals as broad, rather diffuse shading^. It is very 
difficult to reconcile these discrepancies of observation, but it 
must be remembered that we are dealing with objects which 
lie at the utmost limit of visibility, and certain personal 
peculiarities of the observer can scarcely faU to enter into the 
matter. Every observer, however, recognises that the cao^s 
vary enormously in visibility from time to time, these varia¬ 
tions following the course of the Martian seasons with almost 
uncanny precision. 

It was at one time hoped that photography would settle 
the question of the Martian canals once and for all. But 
though hundreds of photographs have been taken with some 
of the largest telescopes in the world, the canals are so fim 
that they are, in general, masked by the grain of the plate. 
Only in a few instances, therefore, have anything resemblii^ 
canals been recorded, and that only in an uncertain manner. 
Other difficulties of a technical nature render it highly protoble 
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that photography is powerless to give a decisive judgment on 
the matter. Photography, however, has proved remarkably 
useful in followii^ the seasonal changes in the broader features 
of the Martian disc. 

Considerable attention has been given of late to the question 
of atmosphere on Mars, since this would have a most important 
bearing on the habitability of the planet. Given air and water, 
and a fairly equable climate, there is at least a reasonable 
chance of a planet being inhabited. 

That Mars does possess an atmosphere of considerable 
density is known in several ways. For instance, without the 
presence of an atmosphere the polar caps could not be formed, 
for they clearly indicate the depositing of some suspended 
vaporous substance circulating in an atmosphere. These 
vapours, as has been noted above, can also be seen at times in 
the form of clouds floating in that atmosphere. Many other 
proofs could be cited if space permitted. 

An interesting line of research was, however, opened up 
by Prof. Wright, of the Lick Observatory, in 1924, which 
at least deserves a passing mention. This brilliant astronomer 
conceived the idea of photographing Mars in light of different 
colours, the colours being isolated by using suitable filters 
combined with specially sensitised plates. The most striking 
results were obtained with violet and infra-red light. In the 
photographs taken with violet light, all surface detail is 
obliterate, except for the polar cap, which appears greatly 
enhanced. In fact, these photographs appear to be pictures 
of the planet’s atmosphere and nothing else, in which case 
it is reasonable to infer that the polar caps are largely atmo¬ 
spheric in character. Or, on the other hand, they may be 
shrouded by a thick bank of clouds. 

The photographs taken in infra-red light, on the other 
hand, show the surface features of Mars very conspicuously, 
while careful measurements of the two photographs indicate 
a height for the Martian atmosphere of at least sixty miles. The 
density of the -atmosphere is estimated on the best authority 
to be about one-fifth of that of the earth. 

Another matter which has a considerable bearing upon the 
question of life on Mars is that of temperature. Fortunately, 
more than one method is available for determining temperatures 
on Mars, and considerable attention has been devoted to the 
problem, especially at the Lowell Observatory, and at Mount 
Wilson. The observers at both places are in remarkable 
aveement. They state that, owing to the comparative rarity 
of the air on Mars, great differences of temperature must 
obtain on the planet, and that, though the days are foirl^jr 
warm, the temperature reaching about 50 degrees Fahrenheit 
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at the equator at noon, yet the nights must be very cold, with 
a temperature far below freezing-point. 

We cannot, however, settle the question of whether Mars is 
inhabited, until we have determined the nature and origin of 
the planet’s intricate canal system. If, as Lowell supposes, 
the canals are artificial, then they must have been constructed 
by the inhabitants of Mars for some specific purpose. What 
purpose, then, could they serve ? 

Lowell argued his case as follows. Mars, as is conceded by 
all competent observers, is a world from which the water-supply 
has long since disappeared; its seas have become dry land. 
Therefore, all the water available for the support of life on the 
planet is contained in the polar caps, and little enough it is 
m all conscience. 

But just because it is so scanty, that is the very reason 
why it must be conserved to the last drop, and made to irrigate 
as large an area as possible of the planet. And so the intelligent 
population of Mars, realising that its case was desperate indeed, 
banded itself together at some far-back date, and constructed 
this mighty network of something like 800,000 miles of canals, 
in order to lead the water from the melting polar caps to 
irrigate their parched and arid deserts. 

That such a work would necessitate a colossal effort can¬ 
not be doubted, but the force of gravity on Mars being only 
one-third of what it is on earth, we may conceive that such a 
feat could be accomplished on Mars with a third of the effort 
needed to perform a similar work on earth. 

The canals do certainly seem as though they were conveyers 
of water, because, in the first place, the commencement of the 
canal system is at the polar caps, from which they appear to 
radiate with a geometrical straightness strongly suggestive of 
intelligent design. Moreover, the melting snow-caps of Mars 
are always edged by a bluish ring following the contour of the 
cap, and which observations by' Pickering with an instrument 
known as a “ polariscope ” have shown to be certainly water, 
or at any rate, liquid. In the second place, as soon as the 
Martian spring sets in, and the polar caps begin to melt, then the 
canals become more and more conspicuous, and from this fact 
Lowell again ar^es that it is not the canals themselves we 
see so much as the vegetation growing along their banks. 

One serious objection to this theory is the difficulty of con¬ 
veying water across vast distances without loss by evaporation ; 
but the advocates of intelligent construction have a reply 
ready to hand. They say that there is nothing to prove that 
the canals are open troughs; they may in fact be covered con¬ 
duits, the water being pumped out of them through pumping 
stations situated at regular intervals, more or less, along the 
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coune. But, in any event, it is gravely doubtful whether there 
is a sufficient supply of water in the polar caps to minister to 
the needs of a whole world. Against this it may be argued 
that the population of Mars is now pretty thin, and is confined 
mostly to the spots round the intersections of two or more' 
canals, called “ oases ” by Pickering, who first described them. 
These places would correspond to our great terrestrial cities. 

This vivid picture of a great social organisation on another 
planet has not yet been generally accepted by astronomers. 
But, whether we believe in it or not, the theory must ever 
command our respect and admiration as a fine piece of logical 
and deductive thinking. If there is life on Mars (and no one 
doubts that life is possible there), it is only indirectly that 
we can become aware of it. Direct telescopic study of forms 
of life, even when Mars is nearest, is a dream that can never 
be realised. 

One other possibility remains to us. Perhaps, some day, 
an intrepid voyager, the Lindbergh of space, will succeed in 
bridging the vast abyss which separates the two worlds, and 
will survive to tell the tale. Till then, all that we can say in 
reply to the question, Are there men on Mars ? is—perhaps. 
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SynduNmlied Bflptoteotion ol Soand and Scene (8. K. Letrat) 

Talking films form the subject of a number of articles in 
the Bell Laboratories Record for November 1928. Although 
written from the point of view of a telephone engineer, three of 
them are of general scientific interest. These deal with the 
recording of sound on wax, photographic recording of sound, 
and speed control in reproduction, respectively. 

In Recent Advances in Wax Recording, H. A. Frederick 
considers the lateral cut disc records used in the Western 
Electric Company method of synchronised motion-pictures. 
For these records it is found necessary for the recorder to 
have a characteristic which falls at frequencies below about 
250 cycles, so that the amplitude at lower frequencies is 
approximately constant at the maximum permissible (about 
0*002 in.) without cutting over from groove to groove. In 
practice, this is largely overcome by a correspondingly larger 
response in the pick-ups which are used. 

In the recording, the highly polished wax disc is run at a 
constant speed (giving a linear speed of 140 feet per minute at 
the outside of the spiral), and is maintained at the proper 
temperature. The cutting stylus is supported at the proper 
height by means of an advance ball which rides lightly on the 
surface. An electric " playback ” of small mechanical impe¬ 
dance can be used for direct reproduction from the newly cut 
record. No great injury results from playing the record 
several times with such a pick-up. The “ master,’? a negative 
of the original wax, is made by electroplating the wax after it 
has been carefully brushed with an extremely fine conducting 
powder. From this, two test pressings are made by moulding. 
If these are satisfactory, the “ master ” is electroplated. From 
the positive, commonly called an original, there is plated a 
second negative, a metal mould known as a " stamper.” From 
it duplicate originals may be plated, and from them, duplicate 
” stampers.” By means of recent refinements, finished pressings 
may be obtained within three hours after the delivery of the 
wax. 

The amplitude of the needle trace at low frequencies, as 
already j}ointed out, is limited by the spacing of the groove. 
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At high frequencies, the curvature of the undulation must be 
considered. For the intensity corresponding to this limiting 
amplitude, the undulation would have the same curvature as 
the needle point at about 7,000 cycles. This, however, does 
not represent the practical limit, for in speech and music these 
high frequencies are characterised by lower intensity. Present 
commercial needle points are therefore responsive up to fre¬ 
quencies of at least 10,000 cycles. 

Apart from the improvements in the record itself, there have 
been great advances, in the last two or three years, in the 
design of pick-ups, notably in the reduction of needle point 
impedance and the almost complete elimination of resonance. 
This has resulted in a longer life for both needles and records. 

Further, the rearranging of the recorded material which 
becomes necessary in the production of a talking film is entirely 
practicable, so that the wax record appears to be a formidable 
rival of the photographic record for the synchronised accompani¬ 
ment of motion-pictures. 

In Sound Recording with the Light Valve, N. MacKenzie 
describes a mechanical valve designed to produce a light trace 
by varying the width of a light beam of constant intensity. 
There are several ways of recording sound on a film, but this 
is considered to offer the most immediate promise. The light 
valve consists of a loop of duralumin tape suspended in a 
plane at right angles to a magnetic field. Normally, the two 
sides of the loop constitute a slit 0*002 in. by 0*256 in. The 
loop is directly connected to the output of the recording 
microphone amplifier. Under full modulation, the width of 
the slip varies from zero to 0*004 in. in phase with the fluc¬ 
tuating current. For several reasons the tension of the loop 
is adjusted to give a natural frequency of 7,000 cycles, and 
under these conditions the power required for full modulation 
is about ten milliwatts. A ribbon-filament lamp is used as a 
source of light. A carefully designed optical system produces 
an image of the slit on the iWm as a transverse line o*ooi in. by 
0*128 in. The frequency limit, at which the film would develop 
to a uniform intensity, is determined by the width of the image 
on the film and by the speed of the film (90 feet per minute), 
and is about 18,000 cycles per second. The falling charac¬ 
teristic as this frequency is approached is largely offset by 
tuning the loop to a frequency near 7,000 cycles, resulting in an 
approximately uniform response over a very large range of 
frequency. 

A photoelectric cell, used in conjunction with an amplifier, 
is mounted inside the recording machine behind the film at the 
line of exposure. The modulation of the transmitted li^ht 
thus provides a convenient method of observing the recording 
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as it is actually being made on the film. Provision is made for 
the combination of several microphones under the control of the 
mixer operator in the monitoring room. 

In printing these sound negatives in combination with 
picture negatives, it is usual to print one negative at a time, 
masking the space needed for the other. When distortion is 
present, the harmonics thereby introduced can be reduced to an 
undetectable intensity by suitable development of the negative 
and positive. The correction is available only over that part 
of the photographic range where exposure is correct, but fortu¬ 
nately there is considerable latitude in the average exposure. 

For either wax or photographic sound records, very accurate 
speed control is necessary in addition to synchronisation between 
sound and picture, since the musical pitch varies directly with 
the speed of the record. A maximum fluctuation of o*2 per 
cent, has been agreed upon. H. M. Stoller describes in Speed 
Control for the Sound-picture System the details of an electrical 
method which meets the requirements. As in all t3q)es of 
governing apparatus, a change of speed introduces a tendency 
in the prime mover to counteract this change, and if the 
governing is to be made very close, a dashpot equivalent must 
be provided to prevent " hunting.” The prime mover in this 
system is an electric motor (running on either D.C. or A.C. 
supply), the speed of which is controlled by changing the 
impedance in the armature circuit. This impedance forms the 
outer windings of a three-legged reactance coil, and is changed 
by the direct current flowing in the centre winding. The 
heart of the governor circuit is a special bridge circuit fed by 
an auxiliary 720-cycle alternator coupled to the main driving 
motor. Any small changes from the desired speed cause 
abrupt phase changes in the output from the bridge. The 
link between the bridge and the three-legged reactance coil 
is a thermionic valve circuit which causes more direct current 
to flow through the centre winding on account of the change 
of phase as the motor speed tends to fall. In this way the 
impedance of the outer windings is changed so that the motor 
speed tends to rise. The dashpot equivalent to prevent 
oscillation of speed consists of a resistance-capacity netwcark. 
This comparatively simple and compact governing system has 
been found to provide a satisfactory speed control of the 
driving motor under all ordinary conditions to within the 
required limit of 0*2 per cent. 

CkNUM-iadiiiatQt and BeoaMng Appaiatiu lor AitoiaR Badto tiaoon 

(8. K. LnMt) 

As part of the research programme of the United States 
.Bureau of Standards on aids to air navigation, special rai^ 
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receivers have been developed in conjunction with the doubk- 
modulation type of directive radio-beacon, and the tuned-reed 
visual course-indicator. This beacon system provides a con¬ 
venient and reliable means of informing the pilot at a single 
glance at the indicator as to whether or not he is flying on a 
specified course, and if not, to which side and by how much he 
has deviated. 

The design of the tuned-reed indicator is described by 
F. W. Dunmore in the Bureau of Standards Journal of Research, 
November 1928, pp. 751-69. The indicator consists essen¬ 
tially of two vibrating reeds, the relative amplitudes of which 
indicate the position of the aircraft with respect to the beacon 
course. The radio-beacon is a transmitting station which sends 
out 290-kilocycle waves on two loop aerials. These aerials 
are at right angles to each other, the waves from each being 
modulated but at two different low frequencies of between 
SO and 100 cycles. A figure-of-eight characteristic is produced 
in space, and there are two lines (or four directions) along which 
the two modulated signals are of equal intensity. These 
directions are the courses where the two reeds of the indicator 
vibrate with equal amplitudes. 

Several types of indicator were tested, each having its own 
advantages and disadvantages. The indicator best suited to 
general flying conditions consists of a pair of thin steel reeds 
having small bimetallic strips soldered to their free ends to 
overcome any changes in frequency arising from changes in 
temperature. The two reeds, tuned to frequencies of 60 and 
8$ cycles respectively, vibrate between two pairs of electro¬ 
magnets situated near their clamped ends. The choice of 
frequencies involves many considerations, and these were 
chosen as being the most suitable after a long series of experi¬ 
ments. The four electromagnets are connected in place of the 
telephones of a six-valve set. Two strong permanent magnets 
are used to polarise the reeds, and thereby greatly increase the 
sensitivity. Each reed is fitted with a small damping vane 
to flatten the resonance curve, so that any slight change of 
modulation frequency at the beacon will not appreciably 
affect the amplitude of the reeds. Even with large damping 
it is possible to obtain a proper working deflection of 8 mm. with 
only 3*6 volts applied to the reed indicator driving coils and 
only 1 milliamp. in these coils. The indicator unit is arranged 
to plug into a shock-proof mounting on the instrument board 
of the aeroplane. With mounting its dimensions are 3i by 

^ 4} in-r tmd weighs under 2 pounds. 

The receiving apparatus used in conjunction with these 
indicators b descriib^ by H. Pratt and H. Diamond in 
“ Receiving Sets for Aircraft Beacon and Telephony ” {Journal 
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o/ ResBorch, October 1928, ppj. 543-63), The receivers are 
designed to operate over the two wave-bands, 285-315 kilo¬ 
cycles for beacons, and 315-50 kilocycles for ordinary air¬ 
craft communication. The dominating requirement in design 
is that of small weight and size. In addition, a simple remote 
control system is needed so that the set can be installed any¬ 
where on the aircraft; the tuning system must be of a uni¬ 
control type covering the two bands, and a volume control is 
required since the distance over which the signals are travelling 
is constantly changing. The set must be shielded from the 
engine ignition system, and must be built to withstand con¬ 
tinuous mechanical vibration. The maximum output of the 
set should be about 10 volts of audio-frequency power with a 
load impedance of from 4,000 to 7,000 ohms. A uniform 
amplication covering a frequency range of 40 to 3,000 cycles is 
desirable ; the lower frequencies are important as they are 
utilised in the beacon signals. Sensitivity and selectivity 
must both be high, particularly the former, to permit short 
vertical pole aerials to be used. These have replaced the 
dangerous trailing wire aerials. The choice of valves has an 
important bearing on the total weight and bulk of the equip¬ 
ment. Some of the smaller standard valves are not sufficiently 
sturdy, and special valves have been used; but there is still 
much need for better valves for aircraft sets. 

The conditions of sensitivity, selectivity, and uni-control 
are met by using three or four tuned neutralised radio-frequency 
amplifier circuits with gang variable condensers. The coupling 
transformers have been very carefully designed for the purpose. 
Partial shielding with copper was found to be quite satis¬ 
factory, Complete shielding with aluminium, which was 
somewhat difficult owing to the involved mechanical assembly, 
resulted in objectional eddy-current losses. For the detector 
valve, grid rectification was chosen since it is considerably 
more sensitive than plate detection. Two stages of low- 
frequency amplification were included, making a total of six 
valves. The volume control consists of a rheostat connected 
in the filament circuit of the radio-frequency amplifier. 
Although* there is a considerable reduction in weight and bulk 
gained by using i-volt or 3-volt valves, a much better general 
performance is obtained from the larger s-volt valves which 
require heavier batteries. For convenience in operation, 
adjustable stops were provided to allow the uni-control handle 
to be rapidly turned from one predetermined setting in the 
beacon wave-band to one in the telephone wave-band. 

During extended tests, satisfactory day-time beacon signals 
were received on an aeroplane at a distance of 100 miles vnth 
an aerial 10 feet high. 
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Further details of the experiments outlined here are given 
in Development of Radio Aids to Air Navigation/' J. H. 
Dellinger and H. Pratt {Proc. 16, pp. 890-920, July 1928). 

Adtes in Nofember: Birth in OaptiTity (N. Uorrison, D.So., F.Z.S.) 

The adder (Vipera berus) has her young about the end of 
August and the first week in September, The gestation period 
is 4| months. 

It is perhaps a unique experience for a herpetologist to 
have a captured snake giving birth to young immediately 
after being caught. Such has been my experience on two 
occasions, the first on August 29, 1905, and the second quite 
recently on October i, 1928. From my introductory state¬ 
ment it would be observed that the latter birth fell on a later 
date than normal. The adder in this case was a healthy 
specimen measuring 23 inches in length. On being caught 
I noticed that it was a bit sluggish and lethargic in its move¬ 
ments, making very little effort to escape. There was nothing 
in its contour to suggest pregnancy beyond being slightly 
corpulent, and I was certainly very much surprised to find, 
on opening its cage one morning eight days after capture, 
a brood of eight young adders. They measured 4I inches in 
length and six are females and two males. They were all 
normal specimens, except one, which had malformation of 
the maxilla and palate. It was not so active as the others, 
vdiich very soon after birth developed a marked biting tendency. 
The viciousness of these creatures prompted me to test their 
toxicological properties. So I got them to bite an ordinary 
microscope slide, when I found that no secretion was produced 
until the third day after birth. I mixed some of the venom 
with fresh pig's blood, and a microscopic examination of the 
slide revealed that the blood underwent a comparatively rapid 
haemolytic and agglutinative change, indicating that the poison 
in this short period had acquired its maximum potency. 

This in itself is an interesting observation and worthy 
of being placed on record, since it established that the degree 
of virul^ce of adder’s poison is not proportionately in keeping 
with the degree of the physical development of the creature. _ 

I have said in another place that adders will not feed in 
captivity, but I thought that these youngsters might be 
induced to take food, because in their case they had no know¬ 
ledge of the freedom of wild life—their world was circumscribed 
by the confines of their cage. One would therefore imagine 
that they would respond to nature’s call for sustenance; 
conseauently I made special efforts to coax them to take 
suitable nourishment, but my efforts were fruitless. They 
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stolidly refused to touch a morsel 6f food, absolutely lo3ral 
to the wild instinct of their species. 

Mother and family are still alive and well. Of course 
adders live for a long time without taking any food. The 
hibernation period begins early in October, and although it 
is now November i6, these creatures show no sign of becoming 
sleepy or torpid. Adders will not hibernate in captivity. 

1 should like to mention that the female adder did not 
show any maternal instinct towards her offspring. This may 
have been due to the reptile being in captivity. It is further 
interesting to record that, although not feeding, the young 
adders have stretched almost half an inch in length in twenty- 
six days. 

A Bar to Medical Besearoh (B. B.) 

For a long time a veiy silly notion has been prevailing 
among certain medical minds that while medical men may 
charge fees for treating individuals, they should not expect 
any payment for scientific work, even if it be of great advantage 
to millions of persons now living, or who may live in the future. 
This doctrine is often enunciated by persons who themselves 
have made no researches which could by any possibility be 
deserving of any such reward. There are 54,146 British 
doctors, but we doubt whether one in a thousand has ever 
added materially to public knowledge in medicine. 

Of course no such law exists in medical ethics. No one 
has the smallest right to say that the public shall not give 
rewards for discovery, medical or other. Yet people who 
have done nothing deserving of reward often pretend that 
there is some such occult proviso in medical affairs. 

Such teaching is not borne out by history. Early last 
century Parliament gave Edward Jenner £50,000 for his 
discovery of vaccination against .small-pox, and recently the 
Canadians gave a fixed income for the invention of insulin ; 
and the Nobel Medical Prize was established in 1901 for the 
express purpose of giving an annual prize for medical discovery. 
We suppose that parliaments have the right to reward anyone 
they please, even those who have conferred great benefits 
on the whole world, and in spite of doctors’ prejudices. 

Some time ago, when Parliament decided to reward persons 
who had made inventions which were of use to this nation during 
the war, medical men were expressly excluded from any such 
benefit by the lawyers who administered the said reward. 
By what right medical men were so excluded, I do not know ; 
but we must suppose that when lawyers cannot find a sound 
reasonifor excluding any inconvenient right, they can always 
invent one. 
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Common sense suggests that if rewards must not be given 
even to those who have made discoveries of world-wide value, 
they should not be given at all in the form of patients’ fees 
to any doctors—^in which case our numerous patients would 
have to frequent, not hospitals, but workhouses, for their 
medical advisers. It would scarcely be believed, or thought 
possible, that sane persons should adopt such a ridiculous 
line of argument against world-benefactors, or that a civilised 
nation should be so easily gulled by an obviously foolish 
doctrine, evidently prompted rather by jealousy than by truth. 

Itedy Beoognitlan (B. B.) 

In the July Number of Science Progress, No. 89, 1928, 
I gave a short Obituary of my two brothers. Dr. E. H. Ross 
and Dr. H. C. Ross. Those who are still interested in them 
might like to see the Journal of Tropical Medicine and Hygiene 
for December 15, 1928, containing an article by Albert Wilson, 
M.D., with remarks on the work of H. C. Ross and his 
colleagues on Cancer. It has taken the British public many 
years to understand that there was anything at all in that 
work. My own experiences have been similar, for the same 
public does not in the least comprehend, even yet after thirty- 
two years, the importance of my own teaching regarding 
malaria. Is it that game-playing and party politics are 
gradually sapping the British intellect ? 

Inevitable Discovery (B. B.) 

In his essay on D^den, Macaulay developed the hypo¬ 
thesis that scientific discoveries come to mankind somewhat 
as the sun rises on the just and the unjust alike, and whether 
the discoveries are sought for or not. So far as I know, 
Macaulay himself never made any ; and there is one strong 
reason why we should not accept any such view. That is, 
if it were true, every possible scientific discovery should have 
been made long ago. But we still hope for advances in 
scientific knowledge in spite of Macaulay. 

The late Prof. Starling seems to have believed in 
Macaulay’s eccentric persuasion, for in Nature of April 26, 
1934, he used the same argument in order to depreciate the 
labours of men who pride themselves on successful investiga¬ 
tions. 1 was the first victim of his wrath. He declared that 
if 1 had not proved that malaria and mosquitoes are connected 
someone else would have done so in a few months or years. 
So far as I know, Manson and 1 were the first who tried to find 
how malaria is carried. I doubt whether anyone else would 
have toucli^ the theme if we had failed. Our failure would 
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have been written up in medical iiteirature as a warning against 
a repetition of our efforts—as in fact some foreign gentlemen 
held up a previous attempt of their own which failed. 

When We come to think of it, very few people indeed ever 
really try to make any advances in science. 'How many out 
of the whole human race, numbering 1,840,000,000 persons, 
ever attempt to gain any new knowledge at all for the use of 
their fellow-men ? All the five hundred Fellows of the Royal 
Society, with even the members of other scientific bodies, 
would constitute a drop in the ocean compared with those 
who take no interest in such matters or who do not attempt 
original work. Think, not only of the British Isles, but of 
all the people living in the rest of the world who are not only 
indifferent to science but to all human knowledge, except 
perhaps knowledge of politics, money-making, or food-getting. 
Scientific advances are, therefore, very rare indeed. For 
example, Archimedes very nearly discovered the Calculus, 
but about 2,000 years elapsed before Barrow and Newton 
did so. I could mention many things which have been strenu¬ 
ously sought for, but without success during the last thirty 
years, for example, the carrier of the Leishmania parasites, 
and the germ of yellow fever, in spite of the money spent on 
financing such investigations. I doubt whether anyone would 
have succeeded in discovering how malaria is carried, in spite 
of Starling's forecast, for centuries hence, if at all, without 
Manson and myself. True, much parasitological work is now 
being done in all directions ; but we have no right to assume 
that it is as good as it was, or that it will continue to be as 
good as it was. Many young gentlemen tell us of the advances 
which they are going to make in the fttture, but that is 
generally the end of it. 

Joint tfemotial to Benjamin Heeve Peaoh, ILJ)., and Jbbn 

Home, XJiJ)., F.B.S. 

Benjamin Neeve Peach died in January 1926, and his life¬ 
long friend and fellow-worker, John Home, followed him in 
May 1928. In response to a widely-expressed desire that the 
eminent services rendered to Scottish geology by these two 
distinguished scientists should be recognised in some appropriate 
form, a representative conunittee was convened, and met in 
Edinburgh on November 28th, 1928. This committee, which 
included delegates from the Greological Survey and the Ro3r^ 
Scottish Museum, from the scientific societies with which Drs. 
Peach and Horne were most closely associated, and from the 
Geological Departments of the Scottish tJniversities, has 
decided to take steps to raise a memorial. 

The memorial will take the form of a bronze plaque to fat 
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placed in a suitable position in the Royal Scottish Museum, and 
of a commemorative inscription upon some conspicuous rock- 
face or boulder at one of the classical geological localities in the 
North-West Highlands. An outlay of £200 to £300 is con¬ 
templated. Subscriptions of any amount, large or small, will 
be welcome and should be sent to Mr. M. Macgregor, H.M. 
Geological Survey, 19 Grange Terrace, Edinburgh. 

The Ooegae Memorial laatitate tA Tropioal and Preventive Medidne 

The following is an extract from Science, December 21, 1928 : 

“ This institute has been established by act of Congress as 
a governmental tribute to the public health and sanitation 
work conducted by the late General William C. Gorgas on 
the Isthmus of Panama, which made possible the construction 
of the Panama Canal. Dr. Clark, who spent several years 
under General Gorgas in the Canal Zone, will carry on research 
work to make possible a greater economic development of 
tropical America. 

“ Congress last spring authorised a permanent appropriation 
of $50,000 a year for the maintenance of the institute. Latin- 
American Governments have been invited to contribute, but 
it has been stipulated by Congress that the total of their 
contributions should not exceed 75 per cent, of the total 
contributed by the United States. The participating Latin- 
American Governments are to be represented with the United 
States on the board of directors. President Coolidge is 
honorary president of the institute and Rear-Admiral Cary 
T. Grayson is the president. 

" The Republic of Panama has ceded a site for a permanent 
building for the laboratory, but temporary headquarters will 
be established in a building newly constructed by that 
Government for a medical school." 

Momiiito Breeding in (beenriand 

The Proceedings of the Royal Society of Queensland, 
vol. xl. No. 8, 1928, contains a valuable article on the 
breeding habits of mosquitoes in Queensland by R. Hamlyn- 
Hanis, D.Sc., City Entomologist, Brisbane. The article 
contains many details which are as usual of not much interest 
in British science, but which should be read by workers on 
the subject in most other countries where mosquitoes abound 
much more than in England—by good luck or bad luck for 
the empire. Those who are interested are advised to write 
to Dr. Hamlyn-Harris himself, or to the Royal Society of 
Queensland. 
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F Fd M Wf ftauiod Tidil HJ). (B. S.) 

We r^pret to notice that this distinguished French scientist 
died on the night of January 14, of cerebral hemorrhaM. He 
was famous for having first verified the discoveiy of Serum 
Diagnosis in typhoid, and he acquired such fame n>r this that 
serum diagnosis in t3q>hoid has often since been called the 
" Vidal Test.” The test, however, was originally devised by 
the late Albert S. Grlinbaum in Prof. Grtlber’s laboratory in 
Vienna, March 1896, but, owing to the paucity of cases there, 
Griinbaum was unable to complete the work at the time. 
GrUber, however, announced the work at a medical congress and 
Vidal heard him speaking, and, having many cases on his own 
hands, he verified Grtinbaum’s invention before it was complete 
and got the credit for it in Britain and in many other countries. 
I am glad to say that Vidal himself was not in any way to 
blame for this miscarriage of justice, and was much to be 
praised for the able manner in which he tested the test in 
practice. See a paper by me in the Lancet of February, i, 
1902. 

Biologists lot the Bmpife 

The Times of January 13 prints an interesting article on 
this theme and quotes two leaflets prepared by the Imperial 
Agricultural Research Conference, 10 V^itehall Place, S.W.i. 
There is a large and growing demand throughout the British 
Empire for men trained in biology. The Universities have 
not yet succeeded in satisfying this demand; almost every 
one of the dominions and colonies has expanded its staff of 
trained biologists during the last ten years to such an extent 
that the demand now exceeds the supply. Even the colonies 
which stand on the threshold of full development have recruited 
over five hundred biologists during the last eight and a half 
years and the numbers of directors and of assistants now exceed 
1,200. Commercial and other concerns such as the Empire 
^tton Growing Corporation and the Rubber Association of 
Malaya and Ceylon are also making increased use of Veseaiidi 
workers. 

The cause of this shortage is attributed in part to lack of 
appropriate teaching in schools and universities, the physical 
side having predominated to the detriment of the biological 
side. To overcome these disabilities many su^estions nave 
been put forward, such as, better co-operation between schools 
and universities and specialisation after graduation, the studoit 
to obtain a thorough pounding in the principles of biologiad 
science, chemistry, physics and practical agriculture. Tlie 
article in The Times concludes with the following paragrai^: 
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Hw Empire needs biologists to combat insect and fuz^oid 
dlbefiset, to breed improved crop varieties, to grade up livestock 
and advise on pedig^ breeding, to improve meat and dairy 
produce, to fight animal diseases, and to prevent loss in the 
storage and transport of agricultural produce. Prospects 
before the able young biologbt, therefore, promise to be very 
bright for some years to come. He need not shut himself 
up in a laboratory for the rest of his days, and his work takes 
him out-of-doors into the field and plantation." An added 
inducement to enlist in this kind of work is the offer of salaries 
ranging fi^im £300 to £800 at home, £500 to £950 in the Colonies, 
and £1,000 to :^,ooo for the senior appointments. 

Almsiiic Banefactots (B. B.) 

The Native Press in India, and sometimes in other countries, 
has long been inclined towards satirising strangers who arrive 
with any sanitary propaganda in the hope of saving the health 
and lives of the inhabitants. This habit is scarcely one to be 
commended, though it may increase the sales of the periodicals 
concerned. For example, when the Indian Government sent 
me to the Civil and Military Cantonment at Bangalore in 1896 
in order to advbe regarding sanitary improvements there, 
the local press often attacked me unmercifully, though the 
offensive articles were evidently written by people who had 
little or no knowledge of the subject. Sir Malcolm Watson, 
who b now visiting India in the hope of procuring some 
amelioration of malaria, which kills or cripples millions of people 
in that country, is, I perceive from press cuttings fi'om the 
Indian Press, being belaboured in a similar manner by the very 
people whom he is trying to help, and their remarks are often 
foolish enough in all conscience. Thus the Indian National 
Harold of Bombay, of December 4, 1928, is very satirical 
indeed and accuses Sir Malcolm of absurd statements which 
it is unlikely he ever made, and of aiming at getting a statue to 
himself placed ia that leading centre of human wisdom. Thrc« 
days previously to that date the same paper ridiculed Sir 
Malcow for teaching that the only way to control the disease 
was to destroy the Anopheles which abound in wells and tanks, 
and the Herald teUs us that is just what Bombay has been 
doing for all these years, but that the malaria is stUl there. 
Is tms fxue? From what I have heard and read it is wd 
true; so that the malaria is naturally still there as before. 
Probably Bombay would be a more pleasant place to live 
in if Indian editors could be reduced as easily as Indian 
Aiaaphelas. Of course most Indian papers strongly support 
our efforts, 

'44^ 
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Volif tad Il«m 

The New Year Honour list published on March i instead 
of January i on account of the illness of H.M. the King included 
the following honours: Baron: Sir Berkeley Moynihan, 
President of the Royal College of Surgeons. Knights Bachtlor: 
Prof. J. A. Fleming; Col, T, F. Purves, Engineer-in-Chief, 
Post Office ; Mr. A, V. Roe and Mr. G. A. Julius, Chairman of 
the Council for Scientific and Industrial Research, Common¬ 
wealth of Australia. Companions of Honour: Lady Barrett, 
Dean of the London School of Medicine for Women; Miss 
Lilian M. Baylis of the Old Vic. K.C.B.: Mr. L. H. Saville, 
Civil Engineer-in-Chief, Admiralty. G.B.E.: Sir William 
McCormick, Chairman of the University Grants Committee 
and of the Advisory Council of the Department of Scientific 
and Industrial Research. Dame Commander (Ord«: of Britbh 
Empire): Anne L. Mcllroy, Professor of Obstetrics and Gynae¬ 
cology, Royal Free Hospital School of Medicine for Women. 

The Council of the Royal Society has recommended the 
following candidates for election into the Society; A. J. 
Allmand, Professor of Physical and Inorganic Chemistry, 
Kill’s College, London ; A. H. R. Duller, Professor of Botany, 
University of Manitoba ; C. D. Ellis, University Lecturer m 
Physics, University of Cambridge ; R. A. Fisher, Head of the 
Statistical Department, Rothamsted Experimental Station; 
G. R. Goldsborough, Professor of Mathematics, Armstrong 
College, Newcastle-on-Tyne; James Gray, Lecturer in Com¬ 
parative Anatomy, University of Cambridge ; C. N. Hinshel- 
wood. Tutor of Trinity College, Oxford ; A. D. Imms, Head 
of Entomology Department, Rothamsted Experimental Station; 
P. Kapitza, Assbtant Director of Magnetic Research, Cavendish 
Laboratory, Cambridge ; W. D. Lang, Keeper of the D^art- 
ment of Zoology, British Museum ; J. Mellanby, Professor of 
Physiology, Umversity of London ; H. S, Raper, Professor of 
Physiology, University of Manchester; H. R, Ricardo, con¬ 
sulting engineer; H. R. Robinson, Professor of Physics, 
University Collie of South Wales, Cardiff; F. W. Twort, 
Superintendent of the Brown Animal Institution, London. 

The Gold Medal of the Royal Astronomical Society has 
been awarded to Prof. Ejnar Hertzspring of the Leyden Obser¬ 
vatory for his fundamental researches in stellar astronomy. 

The Duddell Memorial Medal for 1928 has been awarded by 
the Council of the Ph3rsical Soci(ity to Dr. Charles Edouard 
Guillaume, the Director of the Bureau International des Poids 
et Mesures, S&vres. Dr. Guillaume is well known as the dis¬ 
coverer of the nickel iroii alloys invar, elinvar, and platinl^. 
EUnvar is used for the hair-spxings of watches and ftotihilK; 
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wa# coated with copper serves to lead the electric current 
through the glass bulbs of filament lamps. 

The Buchan Prize of the Royal Meteorological Society 
for 1929 has been awarded to Dr. Harold Jeffreys for the 
papers he contributed to the Quarterly Journal of the Society 
during the years 1924-7. 

The Council of the Geological Society has awarded the 
Wollaston Medal to Prof. F. J. Becke of Vienna for his work on 
petrology ; the Murchison Medal to Dr. C. A. Motley for his 
researches on the stratigraphical geology of various parts of the 
British Empire ; the Lyell Medal to Dr. A. Morley Davies for 
his researches in palaeontology, and the Bigsby Medal to Prof. 
P. G. H. Boswell for his work on the sedimentary rocks. 

We have noted with regret the announcement of the death 
of the following men well known in the scientific world : 
Prof. J. H. Coulter, botanist at the University of Chicago ; 
Sir W. Boyd Dawkins, F.R.S., palaeontologist and archaeologist; 
Dr. H. J. H. Fenton, F.R.S., chemist; Dr. J. W. L. Glaisher, 
F.R.S., mathematician ; Prof. F. P. Leavenworth, astronomer ; 
Prof. E. H. L. Schwarz, professor of geology, Rhodes University 
College, Grahamstown, S.A. ; Sir W. Thiselton-Dyer, formerly 
Director of the Royal Botanic Gardens, Kew; Sir Henry True¬ 
man Wood, secretary of the Royal Society oif Arts 1879-1917. 

The Guthrie Lecture of the Physical Society for 1929 will 
be delivered by Prof. P. W. Bridgman of Harvard University on 
April 19 at the Imperial College of Science, South Kensington. 

The list of sectional presidents of the British Association 
for the meeting in South Africa this year is as follows: Section A 
(Mathematical and Physical Sciences), Right Hon. Lord 
Rayleigh ; Section B (Chemistry), Prof. G. Barger; Section C 
(Geolc^), Sir Albert Kitson; Section D ^oology), Prof. 
D. M. S. Watson ; Section E (Geography), Brigadier E. M. 
Jack; Section F (Economics), Prof. Henry Clay; Section G 
(Engineering), Prof. F. C. Lea ; Section H (Anthropology), 
Mr. H. Balmur; Section I (Physiology), Prof. W. E. Dixon ; 
Section J (Psychology), Mr. F. C. Bartlett; Section K (Botany), 
Prof, A. C. Seward; Section L (Education), Dr. C. W. Kimmins ; 
Section M (Agriculture), Sir Robert Greig. 

A large number of foreign representatives have accepted 
invitations to attend the meeting, including Prof. E. J. Cohen 
and Prof. W. de Sitter. 

Sir Richard Gregory has been elected President of the Royal 
Meteorological Society and Mr. J. E. Barnard, President of the 
Microscopical Society. 

Some little time ago an appeal was made for funcls to 
establish a memorial to the late Sir William M. Bayliss and 
Prof. E. H. Starling. From the money so obtained a sum of 
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1(9,500 ji to be given to the tJniversity of London to hold in truet 
for the maintenance of a Bayliss-Starlinig studentship to be 
awarded to graduates in science or medicine for training in 
physiological or biochemical research at University G>li^, 
London. 

One post-war development has been the realisation of the 
importance of the science of Acoustics in many branches of 
industry, and it is a little surprising that hitherto there should 
have been no society making that subject its special concern. 
Prospective members of such a society are more numerous in 
the United States than in this country, and at a meeting held in 
New York on December 27 it was resolved to form the Acous¬ 
tical Society of America, to hold meetings for the discussion 
of acoustical matters and to publish a journal of pure and 
applied acoustics. Dr. Harvey Fletcher, of the Bell Telephone 
Laboratories, has been elected temporary president. Prof. 
V. O. Knudsen vice-president, and Mr. Wallace Waterfall, of 
the Celotex Co,, secretary. 

In Nature (January 19) is a very brief account of a repetition 
of the Michelson-Morley experiment by Prof, Michelson, assisted 
by Dr. F. G. Pearse and Mr. F. Pearson. Three series of 
experiments have been made with different apparatus in dif¬ 
ferent localities and in all cases negative results were obtained. 
The final experiments were carried out in a basement room at 
Mount Wilson, the utmost care being taken to eliminate effects 
due to temperature changes and flexure of the apparatus! 
The light path was 85 ft. and no displacement of fringes “ as 
great as i/i5th of that to be expected on the supposition of an 
effect due to a motion of the solar system of 300 km. per 
second " was observed. 

J. Thibaud’s method for the diffraction of X-rays by a 
ruled metal grating set at grazing incidence has been applied 
by E. Rupp {ZeitschriftfUr Physik, 68, 8) to slow-speed electrons 
(70-300 volts). The spectrum photographs confirm the experi¬ 
mental work of Davisson and G. P. Thomson, the measurements 
agreeing to within a few per cent, with those expected from the 
de Brc^lie theory. No evidence for any polarisation of the 
electron waves was obtained. Thibaud has been awarded 
the Hughes prize of the Paris Academy of Sciences for his work 
on the subject. 

The eclipse of the sun on May 9 is important on account 
of the long duration of totality (5 minutes) at places on the 
centre of the track which passes over the Malay Peninsida and 
Siam. To observe the eclipse an expedition left Liverpool for 
the East chi February 16. The mam party, consisting of Or* 
John Jackson, Dr. Cairoll, and Dr. Aston, are to erect a staricm 
at AIot Star, Kedah, Malay, while Prof. F. J. M. Stratton and 
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Jfftp. P. J. Melotte are taking the large astrographic telescope 
ftom Greenwich Observatory to Pattani on the east coast of 
Southern Siam. Measurements of the deflection of li^t by 
the gravitational field of the sun again forms an important 
featur^ of the programme, and it is proposed to take a series 
of photographs (i) of stars close to the sun, (ii) of stars some 
little distance away alternately with the same apparatus, to 
ensure that any shifts which may appear in the former case 
are not due to accidental effects such as temperature changes 
in the optical system. Spectrographs of the solar atmospWe 
and photographs of the corona will also be obtained if only 
terrestrial conditions permit. 

In a letter to Nature (January 26) Prof. W. J. de Haas of 
Leyden gives the results of his latest observations on the super¬ 
conductivity of metals. It appears that this phenomenon is 
not limited to pure metals, but may occur with alloys and, what 
is more, with alloys of metals which alone do not exhibit this 
property. Thus neither gold nor bismuth is super-conducting 
(at least above 1*5“ A.) but their eutectic is. Its resistance at 
2*1 “A. is 0*7 of the value at room temperature; but at a 
temperature 1/20® lower the resistance has become too small to 
measure. Combinations of antimony with tin and of bismuth 
with thallium (the second metal only in each pair being super¬ 
conductors) are super-conductors. Copper and tin (Cu,Sn) 
does not become super-conducting, while the resistance of 
AgaSn decreases from 3*4® A. to 1*3® A. without vanishing. 
Prof, de Haas considers that these results tend to confirm his 
view that the super-conductivity of metals depends on their 
atomic weight and possibly on their zero-point energy as well 
as on the electron configuration in the atom. 

Very great interest has been aroused by the announcement 
that the International Education Board of New York is pro¬ 
viding the funds for the construction and erection of a reflecting 
telescope with a mirror 200 inches in diameter for the California 
Institute of Technology. The largest telescope at present 
available is the loo-in. reflector erected at Mount Wilson some 
ten 3!«ars ago, and the great advances in astronomical science 
during these ten years are in no small measure due to that 
instrument. Upon the diameter of the object-glass depends 
the light-gathenng power of the telescope. More light means 
that fainter stars and fainter nebulae can be photo^p^phed 
both in our own gklasQ^ and in ralaxies beyond. Determinations 
of the surface temperatures of the stars, their sizes, distances, 
motion, and constitution all depend on the size of the object- 
glass. It is hcmed that the new telescope will reach stars of 
tha twenty-fifth magnitude, i.e, stars whose brightness u 
iabottt that of a single candle 40,000 miles away. 
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Tlie cQQStructian of the tblocope presents f^robtems of the 
greatest difficulty and could only be atten^ted by an 
tion with almost unlimited funds at its disposal. The design^ 
the manufacture of the mirror, the mounting of the telescope, 
and its site will require all the knowledge, sloll, and care which 
modem science can supply. The work is to be carried through 
by the co-op^tion of the staffs at the California Institute and 
at the Mount Wilson Observatory. To give maximum space* 
penetrating power, a short focal length-^bout 3*3 times the 
aperture—^will probably be used, while it is hoped to make the 
mirror of a rough disc of fused quartz coated over the front 
surface with a thin layer of fine transparent quartz. So far 
no discs more than 2 ft. in diameter have been made in this 
way, and to make a 17-ft. disc weighing between 25 and 30 
tons will obviously need much long and expensive experi¬ 
mentation. The surface has to be ground and polished to an 
accuracy of ,1/500,oooth of an inch, the disc has then to be 
mounted in its tube, so that it can be swung and observations 
made at the principal focus fifty-five feet from the surface of 
the mirror. Finally a site has to be found where the atmo¬ 
spheric conditions are uniform, so that the " seeing ” is good or 
the “ twinkling ” of the stars a minimum. The building is to 
be of steel with double walls to minimise the daily range of 
temperature ; it will be about 150 ft. in diameter and 150 ft. 
high to the top of the dome, with the telescope mounted on a 
pier some 50 ft. from the ground. 

Agricultural Research in 1927 (Royal Agricultural Society 
of England, price is. 3d. post free) is the third annual summary 
of all scientific and economic research in agriculture likely to 
be of interest to the agriculturist in this country. The publica¬ 
tion started two years ago at the instance of the Research 
Committee of the R.A.S. and has already proved a most valuable 
addition to the periodical literature of the farming industry. 

Farmers are naturally at a disadvantage not only in inter¬ 
preting the results of scientific work but also in knowing where 
to look for them. They appear in a great variety of fofms, in 
periodicals not always accessible to the fanner and couch^ 
in language not always easily understood by him. His work 
lies around him on his farm ; he has not the time nor always, in 
these days, the means to study a multiplicity of journals and 
pamphlets, and thus it happens that the results of reieardi 
work are often too slow in reaching those who are most con* 
cemed to know about them. Collected from all available 
sources, put together by acknowledg^ed authorities in non- 
sdentific language, the contents of Agricultural Researck should 
be studied by all those who wish to keep themselves abrna^ 
of the times m modem agriculture. ' > 
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It is impossible to refer to all the subjects dealt with in this 
pnblkation. Arable farmers will be interested in the artide 
on varieties of English cereals which forms the opening section 
of Mr. Engledow’s review of “Crops and Plant-breeding," 
whilst the section on grass mixtures is of particular importance 
to him at the present time when so much plough land is being 
laid down. Mr. Mackintosh has some useful notes on the 
inteipretation of milk records, which may be a pitfall to the 
purchaser of dairy stock if taken too literally and without due 
allowance for certain important factors. Under the heading 
of " Agricultural Economics ” Mr. Orwin deals with such 
matters as the economy of baby beef production, whilst this 
section also contains a brief but useful summary of the economic 
position and the trend of events in the agricultural industry at 
the present time. In these days of high labour costs and low 
prices the farmer is turning more and more to the use of 
machinery in the hope of increasing the output of labour, and 
the information contained in Dr. Owen’s contribution on 
“ Agricultural Engineering,” dealing as it does not only with 
the effidency of old and well-tried implements but also with 
new inventions such as those for rotary cultivation, the com¬ 
bined harvester, and the potato harvester, will receive close 
attention. Dr. Crowther, as would be expected, has much to 
say on recent work in “ Animal Nutrition,” and “ Soils and 
Fertilisers ” form the subject of a valuable review by Sir John 
Russell. His recent tour of farming in Australia has enabled 
him to make some interesting comparisons of experiences in that 
continent. The volume concludes with Sir John McFadyean’s 
summary of the progress of “ Veterinary Research” during 
the year. Unfortunately, a cure for the foot-and-mouth 
disease scourge is still to seek, but the summary makes it clear 
that research in this as in other diseases is being vigorously 
pressed. Dairy farmers should study carefully the advice given 
as to the best methods for combating Epizootic abortion. 

For the assistance of students and others desirous of con¬ 
sulting original sources of information, each section of Agri- 
cnUtirM Reseco'ck condudes with a complete bibliography of 
papers quoted. The Royal Agricultural Sodety, it should also 
be noted, has reduced the price to is. 3d. post free, in order to 
secure the widest possible circulation. 

Th» Rsporl of the Building Research Board for the Year 1927 
(H.M, Stationery Oflace, price 3s. net) contains a very complete 
summaiy, illustrated with numerous diagrams and plates, erf 
the work of the Board during the year under review. Some 
of its contents are, of course, of interest only to the ardiitect 
laid surveyor; but the layman who owns a house or is building 
one will find much interesting and important informatmn. 
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For etample^ there is (p. 17) a discussion at the effects of 
Portland cement mortar when used for bedding bricks or 
pointixig brickwork, and (p. 19) an account of the ill effect of 
placing blocks of sandstone and limestone in juxtaposition. 
The section on structures and strength of. materials contains, 
alia, a description of experiments on the crushing streng^ 
of bricks, showing that Pressed Blue Staffords are much superior 
in this respect to any of the other types tested. An investiga¬ 
tion of the problems of ventilation showed that a roof or wall 
ventilator is as effective as a fire flue when no fire is alight. 
The last section of the report summarises the results of six 
years’ use of the experimental cottages erected at Amesbury, 
Wiltshire. Those about to build or buy houses containing any 
of the post-war structural novelties should certainly consult 
the report before proceeding further, for not all of those tried 
at Amesbury have been successful. 

The Reverend R. J. Campbell, D.D., contributes an artide 
to John Bull, January 26, 1929, in which he maintains that the 
pioneer should detach himself from any thought of reward 
m any service rendered to mankind, and illustrates thb thesis 
by pointing out the small reward received by Columbus. On 
the other hand, it may be maintained that the public ought 
always to try to furnish some kind of reward for services 
rendered to it, as an act of justice. Not only this, but the writer 
referred to seems to draw no distinction between the general 
pioneer and the medical pioneer. Medical men live by the 
rewards which they obtain from patients, and it is considered 
an ungraceful act in a patient not to pay his doctor’s fees, if 
reasonable. What is the ethical difference between a medical 
pioneer who shows us how to prevent or cure some world-wide 
dis^e and a doctor who confers benefits on private patients? 
Why should a medical pioneer who has perlmps spent his life 
in developing some branch of medicine receive nothing, while 
many doctors can apparently do very well by treating private 
patients? Why should the medical benefactor parti^larly 
look upon the services which he renders as their own rewa^ 
and expect no other ? Of course this is a very pleasant doctrine 
for those who receive the said benefit to escape giving anything 
for it, and may be called ” homely wisdom ” by some, but 
is more commonly called " chousing the doctor.” Bendei, 
this was not the treatment of Columbus by the Spaniards 
a very ungenerous one, which has always been held up as an 
example of human in^titude and has, perhaps, dfmmjfhiti 
the honour and glo^ of the Spanish people in the eyes iff ^ 
world ever since—^like their treatment of Cervantes a^i many 
still more evil actions of other nations. Fancy sending 
bus home in chains from the scene of his discovery—ta 
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the horror of Ferdinand and Isabella, it is true. The British 
are sure to receive similar blame in the future for their similar 
treatment of men like Faraday and many others. 

One of the most surprising things about our " civilisation ” 
b the fact that those who rule us allow people to be imposed 
upon by all kinds of quack remedies which do not confer benefits 
on their health, but which may fill the pockets of the vendors. 
A particularly bad case of this kind has been investigated in 
the Bulletin of the Institute for Medical Research, Kuala Lumpur, 
by Dr. R. Green, who has studied laboriously the actual 
effects of a proprietary medicine on ten cases of malaria in 
Malaya, and has demonstrated that the said medicine had 
no effect at all in the cases, which, after remaining ill for a 
number of da3r3 in spite of this wonderful “ cure,” were at once 
rid of their fever by ordinary doses of quinine, as usual. The 
vendors of the quack medicine had added to their rin by 
declaring, quite untruthfully, that quinine is dangerous and 
that cancer can be produced by arsenic, which is also fre¬ 
quently prescribed by doctors. Vendors should not be 
allowed to protect any kind of remedy by patent or otherwise 
unless they can produce evidence that their nostrums are 
really of benefit, and Governments should not be encouraged 
to protect such frauds without receiving competent advice 
on the accuracy of the statements advertised. 

We have already called attention to the subject of Malaria 
in Barbados in Science Progress, Vol. XXIII, No. 89, p. 143. 
The Tropical Diseases Bulletin for 1929, No. 1, p. i, describes 
two further papers on the subject, by Dr. E. A. Seagar, from 
which it is obvious that serious bungling has recently occurred 
in the island, allowing the disease to enter into a place where it 
was previously unknown. 

On the 12th December last Prof. G. Franchini lectured 
at the Royal Society of Medicine on the subject of Marcello 
Malpighi, and showed a number of lantern slides illustrating 
him and his brilliant labours for science, including microscopy. 
But Dr. R. T; Gunther of Oxford wrote to The Times a day or 
two later saying that our own Robert Hooke of Westminster 
School and Christchurch deserves the title of the real ” Father 
of Microscopy.” It is characteristic of this country that we 
should give away as much of the credit as we can of our 
countr3rmen to foreigners, and it is really time that the world 
should try to find out to whom it is most indebted for the 
discovery of the microscope. There is also a third claimant, 
tuunely Leeow^ihoek, and we wish that someone who has 
studied the matter would undertake to adjudicate between 
itlHiie variotrs workers. 

Major £. E. Austen, Keeper of Entomology at the British 
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Muaeum (Natural Histcuy), Cromwell Road, S.W.7, wrote to 
Tk$ Timas on the 3rd November last, calUni; attention to the 
fact that, when the sun shines through a water tottle full of water» 
the bottle may cause the rays to bum wooden surfaces on 
which they fall. He asserts that he has seen thin smirks of 
smoke rising behind water-bottles inadvertently left for a 
short time fully exposed to the sun in summer. We did not 
know that there was any sun in England, but suppose that 
it does burst out sometimes by accident. We even possess 
a wooden reading-desk scarred all over with small bums 
produced by a large magnifying reading-glass standing on 
a table where it was reached by the evening sunlight last 
October. 

We are shocked to learn through the usual Annual Reports 
that very little effect on malaria has yet been produced by 
sanitary measures directed against it. For instance, we find 
from page 24 of the Report of the Public Health Administrator 
of Burma for 1927 that the deaths recorded under “ Fevers ” 
number 75,321 for the year, or 2,531 more than 1926. 

Obviously the British Empire has not even yet begun to 
look upon malaria as a preventible disease. 



CORRESPONDENCE 


To the Editor of Science Progress 
SCIENCE AND METAPHYSICS IN BIOLOGY 
From P. Chalmers Mitchell, D.Sc., F.R.S. 

Dear Sir, —In your October number Mr. J. H. Woodier, 
reviewing my Huxley Lecture, opened by a lengthy allusion 
to the mental behaviour of great apes. Like that of great 
apes and small, my attention easily wanders. In reading his 
Essay-Review, it wandered so often towards guesses as to why 
he had written certain things that the most convenient response 
to your kind invitation to write a " reply ” will be to indicate 
some of the points at which I was left wandering in wonder. 

First, can any serious student of science and philosophy 
believe with Mr. Woodger that the recent changes in the 
fundamental conceptions of ph3rsics are due to philosophical 
criticism and not to mathematical discipline and experimental 
observation ? Einstein and Rutherford, not the epistemologists, 
have been the compellers. 

Can any serious student of science and philosophy really 
believe that “ the nearest approach we ever make to proto¬ 
plasm is in the mixture obtained by grinding up cells with sand 
m a mortar ” ? Even Bergson did not try to " put across ” 
crudities quite so blatant. 

Lastly, can a critic be taken seriously who introduces a 
parade of familiar difficulties about the doctrine of an original 
abiogenesis by sajring that I had " given scientific assent to 
it" when I had said that it was a “ speculation without a 
shadow of proof ” ? 

Yours faithfully, 

P. Chalmers Mitchell. 

ZOCOXXUCU. SOOBTY OF LOMDOH, 

Dtcmibtr 3, igaS. 

ANCIENT SYMBOLS FOR METALS 
From J. White, M.Sc. 

Dear Sir,—A short while ago I was much impressed by 
the marked similarity between our present numerals and the 
mic|ent symbols for the metals. 
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1 give bdow the s^bols, transcribed as faithfully as 
possible, from Campbell Brown’s History of Chomistry, and 
the figures I derive Irom them. 

©c t t 5 

Gold Silvor Copper Iron Tin Lead Anllounip Mfimury 
(8m). (Moon). (Venue). (Men). (Jopiter). (Saturn). 

O I 234567 

8 and 9 could be made by starting the rows again in twos 
as 0 ^. 

I at once began to see if this order could be justified by 
any sequence common of old, such as the planets which 
ruled the da3rs of the week, the order of value, use or rarity 
of the metals, etc., but so far I have found none. 

Of course, I am well aware that our numerals are usually 
regarded as of Arabian origin, but there is much indefiniteness 
in the matter. Also, I know of the commonly accepted 
orimns of the symbols, such as the caduceus of Mercury, the 
looking-glass of Venus, the shield and spear of Mars,'etc., 
origins which _ were I believe first tentatively offered by 
M. Berthelot in his Introduction A VEtttde de la Chemie des 
Anciens et au Moyen Age. But for all this 1 cannot help 
feeling that the resemblances, especially in the case of two 
or three, are too marked to be accidental, and at least I 
hope that the matter may provide interest or amusement 
or both to the readers of your worthy journal. 

Yours faithfully, 

John White (M.Sc.) 

Bbc School, 

Bbbchcroft Road, 

D$C 9 mb€f 17 . 1928 , 



ESSAY-REVIEW 


IfAUkBIA, nOB BBAliTK AHB WEAXTS WA8TE&. By Col. 
W. G. King, C.I.E., l.M.S. (ret.), late Sanitary Commissioner for the 
Govenunent of Madras. Being a Review of Studies on Malaria, by Col. 
Sir Ronald Ross, K.C.B., K.C.M.G., F.R.S. [Pp. xi + 196.] (Lon* 
(ion: John Murray, 192S. Price 5s. net.) 

In the course of evolution from monkeydom, the brains of 
mankind, notwithstanding the anatomical similitudes to those 
of their forbears, display diversities of capability. Were it 
otherwise, there could be no room for free-will in human beings 
as contrasted with Robots. In adjudicating on mental powers, 
psychology identifies traits of character conventionally regarded 
and Ubellously entitled “ animal instincts,” in the effort to 
aggrandise the more fully developed human being at the cost 
of other valuable products of Creation. But when exploring 
the higher grades of mentality in search of a standard connoting 
.the active co-operation of all known spheres of brain function¬ 
ing, success has not been attained ; the theory of free-will, 
or organic automatic machinery as the sole choice, explains 
the position. Yet there are multitudes of individuals possessed 
of at least one quality of mental power far above the average 
of their fellow mortals, and, in less numbers, many in whom 
several highly developed qualities co-exist. The mentality of 
the author of Studies on Malaria —Colonel Sir Ronald Ross— 
must certainly be classed with the latter complex. He is a 
recognised poet, litterateur, mathematician, and biologist, and 
last, but not least, an ardent practical philanthropist. A book 
wlmse title eml^aces so portentous a term as ” studies ” runs 
the risk of being put aside as being of the high-brow variety, 
and as of utility solely to medical men dealing with malarial 
fevers in the tropics. Such a decision would be erroneous. 
The author's ideal is that of the sanitarian—prevention is 
better than cure ”—and he is therefore able to convey his 
advice devoid of the technicalities of Curative Medicine to 
those vriio in their own interest, or that of communities com¬ 
mitted to their charge, can, and should, do their utmost to 
exth^te malaria—the health and wealth waster. 

^ C^lera and plague deal death quickly, but malaria plays 
with its victim as a cat does with a mouse; it permits intervals 
of tmt between onslaughts, but no canwl ” pact ” is offered 

689 
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that peace is assured. Surely if slowly, it saps physical and 
mental powers upon which the dai^ task depends, drives 
s^culturists impecunious and wellnigh childless from their 
vulages, renders impossible or vastly incr^ses the cost of execu¬ 
tion of great engineering works, and forbids active interchange 
of commerce to the detriment of nations. The death-rate 
directly ascribable to attacks is not heavy ; but these render 
sufferers devoid of resisting powers to the inroads of other 
diseases, and thus materially increase the totals of mortality 
in the areas concerned. Statistics gathered in India, where 
effective anti-malaria measures have been but sparsely applied, 
afford ample examples of such conditions. Approxinmtely, four 
million deaths from “ fevers ” are registered in British India 
annually. At a very modest estimate, it is officially admitted 
that about one million of these are directly due to malaria. 
When based on the lowest possible data and without taking into 
account the value of an adult producer, this amount of mortality 
with its coincident period of sickness causes annually a loss in 
unproductive expenditure in India of £20,298,715.^ 

The Army Sanitary Commission of 1859-63 found that 
Britbh soldiers died in India at the rate of 69 per mille of 
strei^h, or 60 per mille in excess of the mortality of those 
serving in Great Britain. This, they represented, implied that, 
since the first occupation of the country, " a Company of each 
Regiment has been sacrificed every 20 months, and, with a 
total strength of 70,000, there necessarily existed in hospitals 
5,880 beds constantly full of sick. “ From such data they 
estimated that the financial loss due to the mortality of pre¬ 
viously trained men, cost of their transport to India, 
amounted to £1,000 daily, and that 5,037 recruits per annum 
would be required “ to fill up the vacancies caused by death 
alone." In discussing causes of this heavy mortality, they 
held that whilst "there are.many other agencies at work 
besides those due to climate per se ; first among them we 
must place that subtle, unknown agent, or rather that cause of 
disease known only by its effects, malaria. ... It underlies 
the cause of many other diseases} Whether it may ever be 
possible to banish this scourge from India, it is hardly withiif 
our province to inquire and the question could tvsrdly ^ 
answered." ... If, hotoever, by use of suitable measures 
time did arrive,* they stated, " we may cherish the hope that 
the natural death-rate in times of peace of men of thb soldier 
age in India will be no more that 10 per 1,000." They pointy 

* This estimate was made by Mr. Stott, the well-known sldlled aoconataat 
of livetpool, on carefully ascertained expenditure in the now 

class of Indian labourers earning the minimum wage of 5 per 

* Italics not in the original. 
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tibe T<ecogius«d beneficial influence—^notwithstanding the 
then existing i^orance of the cmtsa causans —^which had *' in 
Eng^bmd and elsewhere followed the use of soil drainage and 
culture.” This advocacy of drainage is several times repeated 
in ike Report of the Commissioners. One of these, Dr. Suther¬ 
land, afterwards served on a Commission to ascertain by what 
means the French had managed to reduce the appalling 
mortality of their soldiers in Algeria, where malaria was rife. 
Here he found drainage had been systematically-employed with 
splendid results. In describing conditions in the neighbour¬ 
hood of Lake Halloula, the Commissioners state “ the effect on 
the neighbourhood has been decisive. The villages which 
formerly suffered severely from remittent fevers—often taking 
the fatal fonn of pernicious fevers—are now healthy, and they 
have been free from swarms of mosquitoes,\ which during a part 
of the year made life almost intolerable.” Thus, the Com¬ 
mission were ” so near and yet so far ” from ascertaining 
definitely that, in the presence of mosquitoes, there existed 
the link in tracing causation. A similar failure to make the 
necessary induction is evident in the case of Dr. Benjamin 
Rush in his ” Account of the Bilious remitting Yellow Fever ” 
in Philadelphia, in 1793. He regarded the effluvia from a 
mass of rotting coffee in the docks to be the origin of the fever, 
but in describing atmospheric conditions at the time states, 
“ Moschetoes (the usual attendants of a sickly autumn) were 
uncommonly numerous.” 

In 1881, however, the mosquito ran a closer chance of being 
convicted as the conveying agent of yellow fever, when Dr. 
Carles Finlay, of the United States of America, made experi¬ 
mental transmission of that disease. He obtained no definite 
result owing to lack of knowledge (gained in later years by the 
U.SA. Reed Commission, encouraged to again test mosquito 
i^enc^ by Ross's results against malaria) that the virus is not 
CTCCtive under twelve days' sojourn in the body of the mosquito. 
Undrained soil was so closely connected with malaria in 
empirical experience, that, in the absence of proof of their 
l^lt, the latter became the subject of various h3rpotheses. 

rcf;arded them as sent by lYovidence to scare human 
b^bgs from the neighbourhood of malarious soil, another 
by A. F. Af King (also of the United States of America) suggested 
when bred in marshes they inoculated human beings 
wfth malaria by their bites—a suggestion which the author 
states was ** nearer, but not quite, the truth.” By 1894, 
Manimn, ” the Father of Tropical Medicine," impressed with the 
jpapire importance of malam as a factor in health and wealth, 
.andnow aimed idth Lav^n's discovery of a malarial protosoon 

^ Xtalies aot in the originaL . 
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in human bl6od, collected al| available opinions and fiamed an 
hypothesis (doubtless with natural bias towards details whi^ 
accrued firom his original work as to the filariia sattguinis hmUftis) 
thab the mosquito was the conveying agent ^ medium of 
air and water. 

In the meantime, in accordance with the advice of the 
Royal Commission of i859-€3, a Sanitary Commission had 
been appointed for each Rresidency, and, within four years, 
a rapid decline of mortality occurred in the British and Indian 
Armies and in jails, and, for the civil population, public health 
schemes of excellent character had been propos^. But the 
pace was too great for the Government of India, and their 
powers were steadily clipped. As to the civil population, it 
was apparently held that it was inadvisable to countenance 
lai^e sanita^ operations in the midst of uneducated populations 
liable to misinterpretation of their intent. Hence, education 
was pressed forward of males to the neglect of females—the 
rulers of the household. In this the policy of the Government 
of India and that of its predecessor—^the H.E.I. Coy.—^pri»ent 
a contrast. Under the latter in 1845, the woeful condition 
of agriculturists in malarious localities secured special inquiry 
and concerted measures for drainage, yet they accepted, with> 
out special effort towards amelioration, the ghastly death- 
rates of their soldiers and civil employees as inevitable in a 
tropical climate. It was then that Dempster^ (not Koch as 
is usually believed) represented that the condition of children 
presented a good index of malaria incidence, as ascertained by 
examination of spleen enlargement. 

Ross joined the Indian Medical Service in 1881, and in 
course of duty, necessarily was brought in contact chiefly with 
subjects of malaria in men of the selected physique expected 
of soldiers. In the Army (British and Indian) a great reduction 
in the death-rates had occurred between this period and the 
date of issue of the Report of the Royal Commission of 1859-63 
above referred to, consequent upon decided improvements in 
accommodation, water-supply, food, clothing, etc. By that 
time also, the elimination of typhoid from the “ fevers," as 
shown to be requisite by Comisn (then Sanitary Commissioner 
for the Government of Madras), had been accomplished, but 
the influence of malaria remained unabated in the civil popula*- 
tion, and still existed in embodied men as ihe principal came of 
labour disability and sickness. By 1890 he had acquired 
sufficient knowledge of the civil population to become deeplv 
sympathetic on witnessing the misery and poverty wmeh 

' The Caaal Medical Committee of which he was a memhar adopted Ida 
leoommendatioa. This conunittee travelled 1,400 milea, visited 300 
and petsoxwlly examined 13,000 iadividualB. 
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fofiowed recurring attacks of malaria. The philanthropy item 
of his complex mentality asserted itself as a suitable ally of the 
poetic tendencies which had, in the intervening years, threatened 
to become supreme in his. career, and he determined to devote 
himself to the problem of malaria prevention. In a diary 
maintained in suitable form to soothe the poetic urge,” he 
thus recorded his resolution :— 

" The painful faces ask, can we not cure ? 

We answer, No, not yet; we seek the laws. 

O God, reveal thro' all this thing obscure 
The unseen, small, but million murdering cause." 

That ideal he pursued firmly in the midst of glimpses of possible 
success and-the crash of failure till, in May 1897, he devoted his 
hard-earned leave to visiting the notoriously malarious Sighur 
Ghat. Here mosquitoes, air, and water in/er alia brought 
definite factors into the problem—^including, to his delight, 
the desirable factor of being himself infected with malaria— 
which permitted their respective valuation by the mathematical 
item of the “ complex.” The advance thus Secured was 
adverse to the hypothesis as to transmission by air and water 
framed by Sir Patrick Manson. But in 1897 the entomologist 
had no special interest in mosquitoes, and Ross had before 
him a search equivalent to an attempt to find a needle in a 
haystack, when endeavouring to identify, in the midst of 
legions of mosquitoes, the undescribed tribe of the one he had 
incriminated in the Sighur Ghat. 

It was evident this research could not be conducted were 
it subjected to the interruptions occurring when on military 
duty ; hence the Government of India was besought by Various 
authorities to place Ross on ” special duty ” for the puniose, 
but it refused to comply, in the face of repeated pleas, till the 
lapse of eighteen months. In a few weeks at ^cunderabad 
he then was able to show that the Sighur Ghat clue of May 
1897, confirmed by two subsequent specimens of a mosquito 
on Ai^ust 30 , 1897, had enabled him by this subsequent work 
to solve the malaria problem. This practical philanthropist on 
the day he obtained this clue, in full knowledge of the import¬ 
ance of his discovery to mankind, indulged in no visions of 
honours or riches accruing to himself therefixnn, as shown by 
the following entry in his diary:— 

'* This day relenting God 

Hath fSMOid within my band 
A wondrous thing; and God 
Bepraiaed. . . . 

1 know this little thing 
A myriad men will aave. 

O Dea^ where is thy sting } 

Thy victory, O Grave." 


45 
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Having proved to the satisfactioa of sdontats that the 
mosquito affords shelter for the Plasmo^m nudmrim and 
ffidlitates its transmission to human beingSi according to 
ordinary precedent, he should have rested satisfied that he 
had added another page to the ever-increasing volume of 
science. But that would have been a mere stage in the task 
he had undertaken. As a unit the whole complex possessed a 
stem C.O.—a martinet—^Duty, whose orders Poetry Iwd held 
before Ross in his years of toil and doubt. He still visualised 
one of the incentives to his unwaverin|; obedience as recorded 
in his book of poems entitled Philosophies :— 

a . • An Indian mother there, . , . 

A three-year child well nourished at her breast 
Wither'd with famine, still she fed and press'd 
For she was d3dng. "lam too poor," she said, 

**To feed him otherwise "; and with a Idss 
Fell back and died. And the soul answered, 

" In spite of all the gods and prophets— 

In a paper* read before the Royal Institution of Great 
Britain in 1920, he stated decisively that this investij^tion 
of malaria was one to which he had no personal inclination— 
** I undertook it as a duty and at considerable loss to myself.” 
This being so, the next step logically was the application of 
the new-found knowledge to the prevention of malaria. Hence 
he applied to the Government of India to afford him facilities 
for demonstration of preventive measures in a community. 
The Government which had put aside the giving hhh the 
opportunity of research, could not now be induced to allow 
this demonstration of its utility. The aggregate result of seven 
years of laboi^ embodied in a Report to that Authority was 
therefore destined to be the further repletion of secretariat 
pigeon-holes. But Duty was still in command, and at the 
sacrifice of acceptance, of a mere increment of the pension possible 
for further penods of service he retired from the I.M.S. 

Freetown and Ismalia were then utilised as exemplification 
of protection of communities from malaria. The results left 
no doubt as to the efficacy of his methods which the Govern¬ 
ment of India, oblivious of the annual toll of deaths fe<m 
malaria, had considered imworthy of entertainment. By tli^ 
time also there arose the usual sequence of announcement of a 
ducovery—attempts at belittlement or the c laiming of priority. 
In the ktter respect, an Italian savant~-Grassi----particttlar]y 
distii^raished himself in the face of clear proof of h» error. 

Whether the reader has any interest in malaria prevention 
or not, there will be found in page after page of the booh an 

> Seieme and Poetry, June 4,1930. 
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esijoyabte quiet humour of a nature which betrays the partly 
Sootdi decent of the author, in that whilst the nemo me 
imj^ne laeeesit dictum is rendered obvious to an adversary, 
it IS difficult for him to define the particular prickle of the 
thistle which bestirred him ; in the case of Grassi, however, 
no prickly flowers of that ilk grown in the North are offered ; 
fm* him is the thrust of the skean-dhu. 

But the reader may well wonder when Ross wrote the lines, 
*' I know this little thing a myriad men will save,” whether 
the mathematical item had failed to check poetic licence. As 
a matter of fact, the term ” myriad ” unless accepted as imply¬ 
ing conventional ” umpteen millions *’ demanded mathematical 
expansion, and not only so as regards the saving of lives but 
of millions of money, and all that the symbolism of that useful 
commodity effects m the prosperity of nations. 

The research carried out by Ross, in the midst of apathy 
by the Government of India, and his ultimate success placed 
him definitely side by side with the world-vdde benefactors of 
mankind, Jenner, Simpson, and Lister. That is a truism up-to- 
date Httle appreciated by a British public which has loi^ 
forgotten the experience recorded by Sir Gilbert Blane that 

the mortality in London from ague during 1558 was so great 
that the living could not bury the dead,” whilst there must 
still be living those who have encountered indigenous cases 
of the disease in the Fens of Lincolnshire, and on the lower 
stretches of the Thames. Systematic drainage and culture 
of the soil for agricultural purposes has seriously interfered 
with the breeding facilities of Anophelines and therefore with 
malaria transmission, but certain areas of the country still 
nanain suitable for the purpose. There was no lack of malaria- 
bearers in the thoiisands of men who reached the Homeland 
during the Great War, and these particular localities might, 
therelore, have become excellent centres for a malaria outburst. 
I|^y this did not occur was because the Ministry of Health, 
armed with the ^owledge gained by Ross, was able unostenta¬ 
tiously to underfake anti-malarial measures, and in like manner, 
America, in the neighbourhood of camps for assembling troops, 
mod, in Queensland, Australia, of those for returning troops, 
took precautionary measures. That the danger was real is 
shown by the fact that, in England, 178 indigenous cases were 
detected. Measures, if any, undertaken by Soviet Russia* 
oottld not have been such as to court success as, following entry 
imo the country by famine refugees firom Turkestan, tbC 
Inhabitants of a huge tract of country stretching firom ” Nijni 
Novgmod and Moscow on the north, Rumania on the west, and 

^ If. i>. Machwttto, Sentor Medical Officer, Ftieada* Boasiaa FSaiae 
B sik l Uatt, S.B. Rnada, Mov. 1013. 
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the Blade Sea <m the south ” were infected to the extent of 6o 
to 70 and, in some districts, 90 per cent. It may, therefore, 
be assumed that even this little island reaped protection from 
the labours of Ross ; “ a stream can be stoppra at its source 
by a twig. Let it flow and it will drown an elephant.” 

With a map of the world before him showing the enormous 
areas where malaria is recognised, the reader cannot fail to 
und^tand that the subject is of first-rate importance to the 
British Empire, of which so great an area is within the tropics, 
and that if it be true, as contended by the Royal Commission, 
where it prevails “it is found that the diseases of important 
organs, the consequence of malarious fevers, occasion much 
of the su^equent sickness, mortality and invaliding,” the 
extermination of malaria is essential from a humanitarian, 
commercial, and national point of view, in whatever country 
it is found.^ Reference to conditions at present existing in 
India should, however, suffice to convince the home-staying 
Briton of this truism. There can be but few families in Great 
Britain whose members, in this or former generations, have 
not encountered in India the risks attending attacks of malaria, 
as an underlying cause of other diseases and labour disability. 
The attitude of the Government of India, since the days of the 
H.E.I. Coy., 1 ms been adverse to the radical measure of drainage 
against malaria,' whilst, if they looked to the education of the 
people,' for which cause so large funds have been allotted, as a 
better way to lead them to undertake the necessary measures, 
they have been mistaken. 

‘ Joto Huxham, M.D., F.R.S., writing in 1779 concerning resnlts o£ the 
then existing endemic malarial fevers in Great Britain, states tliey may 
“end in dropsies, jaundice or universal obstruction of the viscora of the 
abdomen, and frequently in diseases of the genus nervoswft.’* (An mmw oh 
fevers by John Hwtnum, MU., F.R.S., p. 21.) 

* r' 1 got the impression that quinine, is relied on as the sheet anchor, 
that screening takes the second, and antimalarial drainage the last place." 

^ ^ ATofions interchange of Health Officers in India, Jan, X 

* The Madras Municipal Corporation has for its Indian Members hi ghly 
educated men. The Health Officer of the City (1926) thus reports thea 
treatment of anti*malaria precautionary measures ; “ That Madras is an 
endemic area for malaria and that there are plenty of bieeding-grounds fer 
nudarfa have been amply proved by an investigation, consequent on Bae 
outbreak of malaria in an epidemic form in 1912 and 19x3.” A «>awi ps.i g w 
against malaria continued to work on actively till April 1921, when it was 
told that it was “ an idly busy department" and was practically wip^ out, 
Subsequent to this ermdition, he states. " The increase in this duease M 
rathmr striking. The high death>rate from this cause was reported to thtf 
Standing Committee (Health). . , . The Standing Committee,. . . oh 
May 6, X925, sanctioned the Health Officer's proposals for an 

of Bs. 5.000, and ‘ the Council sanctioned the proposals only in January bf 
the current year.''' {Jownat of Tropical Medictne and Hygiene, Maattm x» 
i9>o, p. 17.) . > 
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But the medical officers of both British and Indian troops 
and jails have not fsiled in advising such minor measures as 
have been possible within their charges, and their efforts have 
been sufficiently fruitful to, show the great financial saving 
which by this time might have been effected, had radical 
measures been instituted for the practical extinction of malaria 
amongst embodied men. The work of Gorgas during the 
construction of the Panama Canal and by Sir Malcolm Vi^tson 
in Malaya are welbknown examples of the economical adapta¬ 
tion of the principles enunciated by Ross. It need not be 
said that one of the after-effects of the Great War was an 
increase of admissions for malaria in the British Army Hospitals 
in India, and that there have been fluctuations since then due 
to relapses and exposure of troops incidental to manoeuvres, 
but taking the period after the announcement in medical 
professional papers of the discovepr by Ross, of 1898 to 1914 
—^the year of declaration of war—^it is more than a coincidence 
to find that whilst in the preceding decade the admissions for 
malaria were 485 per mille of strength, in that ending 1908 
they had decreased to 244 per mille, and in the period 1910- 
14 they were not more than 117 per mille. Coincident with 
these diminishing rates of malaria admissions, there was a 
steady decline of death-rates from all causes, namely, from 
14*84 in 1888 to 4*32 in 1914. 

In the “ Report of the Health State of the Army ” for 1926, 
it is stated, “ Malaria is still the principal cause of sickness 
among troops in India (and In prior Reports the same fact 
is demonstrable), and to this dictum is added, “ and conse¬ 
quently a great financial loss to the State." If, then, malaria 
be both a health and wealth waster and it be preventable-;- 
why not prevented ? The reason afforded in this Report is 
that, " it is difficult to eradicate malaria from military stations 
without spending large sums of money.” 

Gorgas extirpated malaria at a cost of one cent per head 
of the population dealt with, and in Malaya Sir Malcolm Watson 
reports that the planters have, at their own expense, gladly 
undertaken drainage with resulting profit, by their labourers 
being retained in a working condition and their obtaining 
labour at far cheaper cost than could be secured whra the 
imported cooHe realised that wages, accompanied by risk of 
encountering malaria, must be high indeed. Rather than face 
the bogey of drainage, the Government of India contemplate 
transporting the troops to and from their stations to the hilte 
so as to escape the markedly malarious months —an annual 
expenditure which, if multiplied, might surely cover any 
reasonable scheme ascertained not solely from estimates made 
by engiuMrs, but by malaria experts and engineers aftar dut 
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eoHsuOatioH.* A striMng h.ct is that whilst the death^e of 
the men of European troops in India was in the East India 
Company's days vastly greater than for officers, the reverse 
is now the case—a reasonable explanation of which is, sedng 
that malaria forms the chief sii^le cause of hospital admissions, 
that the officers as the more free agents are less influenced by 
the minor antbmalarial measures now practised than are the 
men who dwell in barracks under supervision. 

If then minor measures only can be expected from the 
Government of India, there can be no doubt that the more 
complete they are, the safer the individual from the bodily 
breakdown which repeated attacks of fever connote. In no 
work which has been published up to date is the whole question 
entered into more clearly and concisely than will be found 
is the case in the latter part of Studies on Malaria. As a 
writer. Sir Ronald Ross possesses the rare virtue of conveying 
complete ideas in a single sentence, and, as master of matters 
malarial, all requirements are set forth by him in drtail and 
yet devoid of technicalities. Hence those who have friends and 
relations serving in malarious areas should not hesitate to send 
this little book for their guidance. In this way, they might not 
only save them suffering from malaria, but from pecuniarv loss, 
and in the case of those serving in the British Army (which 
the Government of India cannot afford to protect from that 
malady), they might also save their private purses being depleted 
by " Hospital stoppages,” which amounted to a total of 
Rs. 266,679 fro™ officers in 1927. This amount went to the 
credit of the Government of India for admissions to hospital 
for treatment of maladies the chief single cause of which was 
malaria, for which, as a preventable disease, the Government 
is morally as liable for results as the owner of a factory or mine 
would be who satisfied his financial conscience by incomplete 
schemes for the prevention of accidents. 

* Cf. Progress of Saniiary Meessures in India, sgi2, pp. 43, 58, 93. 
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VouhBUauuuilaa Oaomefay. Amerioaa Matheairttcal Society OoQovihiiii 
PnUioationm VoL By L. P. Eisenhart, Professor of Mathe¬ 

matics in Princeton University. [I^. viii 4* 184.] (New York: 
American Mathematical Society, 1927. Price I2.50.) 

This book is the sequel to Prof. Eisenhart's Riemannian Geomairy published 
in X926. It describes the advances made in the generalization of Differential 
Geometry along the lines followed by the author with Veblen, J. M, and 
T, Y. Thomas in America and by Carton and Schouten in Europe. Various 
geometiies, suggested by Eddin^on, Einstein, Weyl and others as basis of a 
combined theory of electromagnetism and gravitation are particular cases 
of the cwmetry here considered ; so also is il^emannian Geometry. 

In Riemannian Geometry, following Riemann's famous inaugural lecture 
at Gdttingen in 1854, & fundamental form g^jdx'dx^ is assumed, giving the 
distance between two neighbouring points of the space of co-ordinates x*; 
the properties of the space and its sub-spaces are then developed from this 
form and I^vi Civita's definition of Pe^lelism. Levi Civito defines the 
vectors, whose components at any point are functions Xi of the co-ordinates 
of that point, to be parallel with respect to the curve x^ » f^(t) when the 
components satisfy the equations 


dK* 
di + 



dx^ 

= O. 


wbm are the Chriatofiel symbols of the second kind—functions of 

dgu 

and ^ and t, /, h take all values z, 2, . . . , n for space of n dimensions. 

The geometry here discussed is non-Riemannian since distance is not 
fundamental—there is no metric. Any set of general functions of the co¬ 
ordinates, Lyii (called coefficients of connexion) obeying the same tranaforma- 
tion laws as the symbols in a Riemannian space, are assigned to the 
space, which, is then said to be affinely connected. Parallelism with respect 
to a curve is defined by the above equation with Ly^ written in place of 
and idl parallel vectors are found to zemain parallel when the connexion cutw 
space is changed to that given by LyJ • 4- ^—where are compo¬ 

nents of an artdtrary vector and are the Kronecker deltas. A vector dis¬ 
placed parallel to itself round an infinitesimal circuit returns to a position 
whose difference Ixom the initial position depends on the curvature'' 
tensor a function of the coefficients Ly^^ and their differential coeffitients 
With respect to the co-ordinates. 

The foregoing results and others are investigated in the first chapter when 
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the coeffidents la general a^fimnatric (that ii, # 1 *%)- In moat 

of the rest of the i^k the connexion is symmetric. 

Weyl defines an a£Glnely connected apace to be one for which there is at 
each point a co-ordinate system, in which the components of a vector are 
unaltered to within second and higher orders by an infinitesimal displace¬ 
ment. Eisenhart shows in his second chapter that the necaMary and 
sufficient condition that his affinely connected space shall possess this property 
isthatLj*»L];^- 

When the tangents of a curve are parallel with respect to itself the curve 
is called a path, so that paths are analogous to geodesics in a Kiemanniatn 
space. The paths of a space are unchanged when connexicm is changed in 
such a way that the symmetric part coefficient 

becomes + W + bei&g the components of an arbitrary 

vector; the as3rmmetric part ** L«) being changed in any way whatever. 
There will therefore be a projective geometry of paths consisting of those 
properties independent of the connexion and an ajfine geometry of paihs 
consisting of those properties depending on the connexion. 

For a symmetric connexion, projective coefficients of connexion are dis¬ 
covered which are invariant under any change of symmetric connexion leaving 
the paths unaltered. Projective normal co-ordinates for the neighbourhood 
of each point are also found and, in terms of these co-ordinates, the paths 
trough a point have equations of the same form as the equations of st^ght 
lines through the origin in Euclidean space referred to Cartesian co-ordinates, 
vis. $U. 

When the co-ordinates of a space with given affine connexion are trans¬ 
formed in any way, the projective normal co-ordinates for the neighbourhood 
of any particular point are transformed hnearly in such a way that a certain 
h3rpexplane of the neighbourhood remains unaltered. Hence the geometry of 
any neighbourhood in an affinely connected space is analogous with the 
affine geometry of an ordinary fiat space (that is, the geometry of a flat space 
under transformations leaving a certain hyperplane-—the h3rperplane at 
infinity "—^invariant). 

The last chapter discusses geometry of sub-spaces. Unlike Riemanniaii 
Geometry where the metric of a space gives rise to a unique metr^ in a sub¬ 
space, the connexion of any space does not determine a unique connexion for 
a sub-space. There is a bibliography of a selection of the papers published 
ou the subject to the beginning of 1928. 

We are much indebted to Prof. Ei^hart and the American Mathematical 
Society for the publication in English and in one volume of a clear and 
Interesting introduction to this new subject. 

P* B. 

Shaory ud Andloatioa ol XuUnite teisi. By Dx. Konrad Kmopp, Professor 
of Matibematios at the University of Tilbingen. Tnmslated from the 
second German edition by Miss R. C. Young, L. he Sc. []^. xi -i- 57X J 
(London and Glasgow: Blackie A Son, 1928. Price 30s. net.) 

I OUGHT to have read this book in German, but as a matter of fact I never 
did. This seems to indicate that many people who could read the German 
if necessary will welcome this translation of luiopp's classic work on a subject 
which, even in one's own language, is not very easy. It is well translate 
and the tramdator sometimes evolves a certain hvelffiess of eacpxession; 
e.g. (footnote on p. 15) *’ anything of this sort is sheer nonsense.'* The 
phrase is too rarely us^ in E^lish mathematical works. 

The printing and general amufement am excellent, though tiie ttse of 
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nvmbm wtiich locA like exponents in relerances to f<K»tnote9 aometifim gives 
dttriotts Only two mii^rints were noticed-^ the last line but two 

of p« 2a6» where a numeratin' and denominator are interchanged ; and in the 
second line of p. 385, where something has disappeared. 

It seems unfortunate that the notation for asymptotic relations is still not 
comi^etely standardized. The symbol ,which is now almost universally 

used for asymptotic equality (f.s. f{x)^4>{x) means //</» tends to unity), ui 
used here for asymptotic proportionality (i,e, fl<l> tends to a positive limit). 
The symbol is used for a83nnptotic equality. These changes do not seem 
to bnng any advantages over the notation of Hardy^s " Orders of Infinity," 
and only tend to disturb a notation which is beginning to be generally accepted. 

As to the book itself, little remains to be said except in praise of it. The 
first German edition appeared in tqzi, and the work may now be regarded as a 
mathematical classic. Every mathematician has to know something about 
series, and every modem analyst has to know a great deal. This of course is a 
book for the reader who wants to know a great deal. It contains an enormous 
amount of material. The whole apparatus of convergent series is here. As 
is inevitable nowadays there is a chapter on the summation of divergent 
series. The author has also added to the edition a chapter on Euler's summa¬ 
tion formula and asymptotic expansions, which as he says he only omitted 
with great reluctance from the German edition. The learned author, 
however, has all his material completely in hand, and has written a great 
teaching book. It is enlivened with numerous historical notes. One of the 
great unsolved problems of the time of James and John Bernoulli (p. 238) 
was the summation of the series 

The solution was found by Euler in 1736. Only John Bernoulli lived to see 
it, and to regret that his brother had never known the solution of a problem 
which he had often attempted in vain. On p. 137 we hear of the curious case 
of Guido Grandi, who thought he saw in the equations 

o « (i ~ i) (i - x) + . . . » I - (i - i) - (i - i) - . . . « X 

a mathematical proof of the possibility of the creation of the world from 
nothing. On p. 195 we hear of the painful case of J. M. Boormann, who 
calculated e to 346 places of decimals. How many mathematicians have read 
a little story by Aldous Huxley called " Eupompus gave splendour to art by 
numbers " / It would have interested Mr. Boormann. 

The book is a very welcome addition to the literature of analysis in 
English, which is still not very extensive. 

E, C. T. 


BmdOii d’Analyia.' Par Gastok Julia. R^dig^s par RenA Harmbgnies 
et Roger Julia, Tome I. [Pp. 454.] (Paris: Gauthier-Villars, 
1928, Price 80 fcs.) 

So far as I know there is no book quite like this in English. It is a collection 
of worked-put examples, evolved in the course of exercise classes at the 
Paris Pacfiiti des Sciences, held in connexion with the lectures of Prof. 
Goursat. Many of the problems are those set as exercises in Goursat's Cours 
and Picard's Traiii d'Analyse is the source of others. Others 
agahi are questions proposed by Prof. Hadamard at the Ecole Polytechnique. 
The arrangement of the whole follows the order of Goursat's Cours d*Anutyso, 
Vdiume I. The main topics axe differential calculus and maxima and minima, 
the evaluation of intc^rala,^ trigonometrical series and applications, and 
geomebdeal application of analysis; this last being a vast section occtqpying 
ixkore than halt tiie bcok, 

Uke other Prexich writers, Prof. Julia knows the advantage of giving 
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liiiiiMlf plentsr of aot a&rai4 (tf tottiag «a ewunjple teach wall 

tiut itoan. Far axannite, lOo p. 50 he popoeea the problem of proving that 

10g;^^ + - 

where # tends to sero with t. He then gives four different solutions ot tta 
problem, occupying nine pages of the book. The opportunity of comparing 
different solutions of the same problem is one that books do not often give us, 
and is particularly valuable to the student. 

Some of the evaluation of multiple integ^rals are specially elegant—^they 
have a geometrical interest which ordinary integrals lack. There are some 
applications of Stoke*s formula. But who was Ostrogradsky ? 

In the section on Fourier series we have an excellent account of what we 
may call the elementary theory of Fourier series, the theory as far as it 
can be developed without the Lebesgue integral. Naturally the theorems 
are not completely general, but they do introduce the reader to ^e main 
facts without overwhelming him at the beginning with subtleties. For 
example (pp. 180-186) we have the proofs of the theorem that if/(ir) is bounded 
and integrable, and 0|, . are its Fourier coefilcients, then 

|ii,* + a,* + 6i*+ . . . 

The three proofs are all quite different, and all very instructive. There is also 
Hurwitz's beautiful proof by Fourier series of the theorem that, for any 
closed curve, the square of the length of the curve is not less than 4ir ti m es 
the area enclosed. 

The geometrical section contains a wealth of examples of all kinds. It 
be^ns with a geometrical construction of a curve which has no tangent at any 
pomt. Most of it, however, is devoted to three-dimensional geometry, and 
we revisit the land of curvature and torsion, developable surfaces and edges 
of regression. 

There must be many English University students who would find this 
book a most useful companion to the regular textbooks. It would be 
particularly useful to an isolated ** extemid student. It is also reoom«* 
mended to the lecturer in chaige of an exercise class who, towards the end of 
the spring term, begins to run short of ideas. 

15. C T. ^ 

Invaiianti of Qudratto ot DIBersiitlal Fmns. By Oswald Vbblsk. (Pp» 
102 -f viii.] (Cambridge: at the University Press. Price 6s. 6 b. 
net.) 

This book oppears as one of the Cambridge Tracts in Mathematics and 
Mathematical Physics and introduces the reader to the theoi^ of differential 
invariants. It is written for students of mathematics and physics, and sets 
forth very clearly the fundamental definitions and methods of the subjeet 
In this sense the book is elementary, and this, together witii the dee m ese of 
eaposition, makes it one of the most readable on this subject 

In recent times tim theory has been contideral% developed, but tbe 
chief event In regard to it is the enormous field of new apimcatiaQa. It 
would appear that the language through which Nature finds her fvSkitt 
expression is that of differentia hivariants. This became evident in the 
theory of Rdatiidty, although there vmt earlier less obvious indkidjons 
which writers on quaternions pointed out. Still more recently in the New 
Quf^ntum Theory we find that this Calculus is preeminently autfod for tik# 
ekpreseioa of the new diaoovedea and for farther inveatigation. 
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Tlio lativ ol mtm appoir in a special form, vis. the invariant form, and 
frevbt advances have be^ made by an appeal to this mathematical form. 

Just as one asks of mathematical formnhe that they must be consistent 
vrithingaid to dimensions, so now we aric that they must be coxisistent in this 
new respect. 

It is no exaggeration to say that the mathematical ph3rsicist cannot do 
without a knowled^ of this notation; to him it is at least utilitarian. It 
is mote than this, for there is no branch of mathematics which offers such 
elegance of expression or makes such an artistic appeal. To this field the 
author paves an easy path. 

The opening chapter on determinants is most useful. The details given 
here are so often taken for granted that the beginner is discouraged at the 
outset by failure to understand the notation. In the later chapters ideas 
are developed which lead to differential geomet^ and important formulae 
required in phyrics are worked out from &e beginning. 

It is a most useful book for the pure mathematician and physicist. 

H. T. Flint. 


rjmiPB 

Modsm Physios. By H. A. Wilson, M.A., D.Sc., F.R.S., Professor of 
Physics, Rice Institute, Houston, Texas, U.S.A. The Student's 
Physics—Vol. VI. [Pp. xiv + 381, with 69 figures and 2 plates.] 
(Lmdon : Blaclde A Son, 1928. Price 30a. net.) 

Tbk author of this book is well known for his contributions to the study of 
the properties of the electron, and, in particular, for the introduction of an 
auxiliary electric field in his measurement of the charge on an electron, which 
eventually made possible the accurate determination ol this quantity. His 
long association with the subject renders him exceptionally qualified to 
write a book upon it. The book before us is based upon a course of lectures 
which he has given in recent years to students studying for an honours degree 
in physics, and its scope and arrangement are therefore of considerable 
interest to university lecturers in ph3rric8. Modem physics is a very elastic 
term, and its elasticity is a matter of mve concern to all who take part in 
its teachin|p, for they are forced to view with anxiety the ever-increasing 
burden is thrust upon candidates for honours in physics. Now this 
book covers an immense field and is up-to-date, and the bare fact that the 
author has compressed his subject-matter into some 350 pages is sufficimt 
evidence that he has not was^ words. There is, however, one omission 
from its pages which strikes us rather forcibly. This is the omission of 
detail e d releiences to original papers, the student being advised to consult 
otiier books and treatises for ruxthec information. It is doubtful whether 
tiiis omission is wise, for, in the reviewer's opinion, original papers in sdentiflc 
periodicals are usually accessible in our science libraries, whereas the few 
compact English treatises on special branches of physics are usually mis si n g 
or tscsmwed for indefinite periods. 

The arrangement of the subject-matter is rather unusual. It opens 
with a chapter on the ctectroa theoiy. cud in some twenty-eight pages the 
antiior gives sn account of the lundmental equations, the relation of the 
mass of an electrcm to its cWge, metallic conduction and other properties 
ol matter in bulk* and the modifications introduced by the quantum tiieory. 
The aacdod chapte gives a survey of the theories of magnetism. The third 
cbaptm is a condae account of tiftennionic phenomena, but no applications 
oi tiieae phenomena are dsecribed. The phenomena ol photoelechicity are 
naafdslnea in the fourth obapter, and it is someudiat remarkable that tiie 
haplanation Is imaccomqNmied by a single diagram. The fiftii chapter^ on 
Ihi qnantuni tbsoryt is vmy comprehensive, for, in a little over fifty pages. 
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tiw ftutiior doate witit Flimck's Hwcerjr of oattopjr and fna enon^, the anaotain 
theory of qieoifio heatit Einetein'a weory of beat iadiati<». Bohjr’i tiieory of 
the emission of spectra, Sommerfeld's treatment of the fine straotwra of 
nectia lines, tiw Static and Zeeman efiects, the cotxeqpondeoce prindirie, 
the phytical interpretation of the quantum theory, and a series of intmucto^ 
articles oa wave mechanics, dealing chiefly with Schitkfinger's work. A 
short description of Smyth’s work on positive ray analysis u contained in 
the following chapter, on the critical potentials of atoms. X*rays and 
ytays are considered in Chapter VII. an adequate description of X-ray 
spectroscopy being given, together with sections on the quantum theory of 
X-ray spMtra, on de Broglie's work on energy levels, and on 'the Com^n 
efiect. The space devoted to y-rays is eaceedm|'ly sm^, and the statement, 
** The spectra of y-rays from radioactive bodlm have been examined by 
means ot the Bragg crystal spectrometer or similar apparatus " should te 
amplified. Optical spectra are considered in Chapter VIII, which is followed 
by a chapter on cathode rays, /S-rays, and a-rays. Here the experiments 
of Kaufmann and Bucfaerer are described, but we would have appreciated 
the inclusion of a description of the precision determination of e/m carried 
out by Busch and Wolf. In connexion with the scattering of a-rays, 
surprisingly little attention is paid to Chadwick’s work. A short chapter 
is devoted to positive rays and mass spectroscopy, but no mention is made 
of Wien’s later contributions. The subjects of radioactive transformations and 
the nuclear theory of the atom are briefly discussed in two succeeding chapters. 
Gaseous ions are discussed in Chapter XIII, but a good deal of recent work 
is not introduced. Townsend’s experiments on ^ motion of electrons 
in gases and on ionisation by collision are described in Chapter XIV. The 
electrical conductivity of flames and of flames containing metallic vapours 
is then discussed, but Saha's work does not appear to be mentioned. The 
treatment of the well-known phenomena of the discharge tube is postponed 
until Chapter XVI, which is followed by a chapter of five pages on atmo¬ 
spheric electricity. Perhaps, when we consider the general neglect of this 
subject in English textbooks, we should be grateful for this indusimi, but 
the only reference given at the end of this chapter is Simpson’s paper on the 
mechai^m of a thunderstorm, and it is clear that references to the French 
treatise and to the two small German books on the subject ihould have been 
given. Two chapters are devoted to special and general relativity, and the 
book closes with a final chapter of mathematical notes, a collectioa of useful 
examples, and a short table of numerical constants. 

The general impression which we form of this book is that it forms a very 
valuable guide for the student of advanced physics. It lays particular stress 
on the mathematical side of modem physics. It is, in fact, a framewwk 
with whose aid a keen and competent student may build up a satisfhctory 
knowledge of that which is termed modem physios, and wim whose aid ho 
may come to see the paths along .which we expect further advances to be 
made. L. F. B. 

She XhMty el Idglit By T. Fkbston. D.Sc.. F.II.S. Fifth Editfam. 
ReviMd by A. W. Portsx, D.Sc., F.R.S. (I^. xxiv + 643, with 
248 figures in the text.] (London: Macmillan A Co., ipsS, fhiioe 
23r. net.) 

Whsm, in July 1890, Thomas Preston wrote the preface to the first editkh 
of his book, he was able to state that "... I have been induced to undm 
take the present work with the hope of fiimishing the studmit wi^ an accnrats 
and connected account of the most important optical researches fitom 
earliest times up to the most recent date. ..." la 1928 the distiagniahed 
mdaer of the fourth editimi could have no snob hope aaleas indasd tiM 
original chstacter of tim work was to be entirety lost, and he hen, tihendorib 



REVIEWS fos 

dt MOMlty* Mtrictdd hii Mission to those parts of the sobjeet dealt with 
by Ri«etoa and his previoos editors. One important omission has, however* 
be«m made gocki the addition of a series of small-type eumples dealing 
with the leading points in the theory of the thick lens and by a new section* 
extettcHng to somS nine pages* on the aberrations of lenses. 

Apart from the addmons mentioned in the last paragraph* the first five 
chapters remain as they were. In Chapter VI, on The Determination of 
Renactive Indices* correct methods of illuminating the slit of a spectroscope 
are described and there is a brief account of P. Phillips's experiments on 
the lefractivity of carbon dioxide near its critical point. In Chapter VII 
on Interference there is a new treatment of the theory of the biprism and 
a page dealing with the pulse theory of white light. Chapter VIII now 
hiclttdes the ^culation of the intensity of the interference bands formed 
by thick plates (Fabry and Perot interferometer) and a much-extended 
account of the theory of the Michelson interferometer. The most im¬ 
portant changes occur in the chapter on Difiraction* much of which has been 
rearranged or rewritten. Diffraction phenomena are discussed under the 
two he^s suggested by Rayleigh in his article on light in the Encyclo- 
podia Britannica, Lb. as phenomena of the Fresnel class or of the Fraunhdfer 
class. The Lummer Gehrcke interferometer is worked out in detail; Talbot's 
bands are treated in a novel manner as being due to an Echelon grating of two 
openings and the resolving powers of gratings* prisms* telescopes* and 
microscopes are discussed at length. 

Preston’s treatment of the phenomena and theory of polarised light has 
been retained (with the exception of the few pages dealing with MacCullagh's 
theory of metallic reflection) and the sections on the Zeeman effect and 
magnetOM^ptics in general have been left without the additions which we 
might perhaps have hoped to find. In the remaining chapters of the book 
the only important modifications occur in the sections devoted to the electro¬ 
magnetic theory of dispersion. It is probable that many readers would 
willingly have sacrificed the Rainbow for some account of Spectroscopy ! 

In ^ew of the fact that the whole of the type has been reset for this new 
edition* which is twenty-five pages longer than the last, it is very gratifying 
that the publishers have not found it necessary to increase the price. The 
book remains* as of old* an indispensable adjunct to the study of Light. 
What is now wanted is a second volume to provide* as Preston puts it* " an 
easy channd of communication with all the most recent discoveries " and 
ICeurs. Macmillan would render a notable service to English students if they 
coi:^ persuade Professcn: Port^ to undertake the task. D. O. W. 

An OntUne ol Physimu By A. E. (^well, Ph.D. [Pp. 773 + xiv* with 441 
diagrams.] (New York: Tne Macmillan Company, 1928. Price 
x8s. net.) 

A BOOK of a standard suitable for students taking a one-year course in Physics 
at a University* but hardly advanced enough for those who intend to proceed 
fttrihcor* It XB particularly suited to the student who wishes to make an 
acquaintance with the subject in all its branches without putting any strain 
upon his inteUeotual ability. Little mathemarics is used and the symbolic 

S nations and processes which do occur are mainly quantitative expressions 
things which have been fully described in words. Much of the book is 
therefore of a descriptive nature* and in order to make It still moxe adapted 
to ^ needs of the begtenet it is arranged in a manner likely to reduce the 
rificffltslty of re^resding to a minimum. 

T1m!i itbrit part ^ tao^ comprises an account of the elementary proper, 
ties ot aiattsr in its vafions forms sncb as elasticity, their behaviour toward* 
Heat, die., and these ai» escplained roughly in terms ol molecnlar state*. 

j* treated in the same manner, and if anything too 
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’Eto »l^}iect vnma t 

difictnlty to tiw iHtrtnmr siaoei one must kara to vistutUw rach tuoga ais 
diffocBDce of pote&tiol and to on. It cumot be aaid that this traatoieat 
repcesenta the best that might be done. Electrostatics is hardly tonohed 
upon, BO that there is no introduction to the idea of a field of force and its 
pnm^es, though electromagnetic waves are used freely later on. 

The next seetkm of the book commences with dynamics. Simple 
results sneh as Belle's Law are worked out on the kinetic theory. Therelsa 
good account of simple periodic motion and wave motion. With the he 4 > 
of these sound and light are dealt with in rather morudetail tiian the subjects 
tji the first section. Accounts of water waves and electromagnetic waves 
are included. 

As a whole the book is excellently written and profusely illustrated with 
carefully pr^Nued diagrams of the type likely to command the interest of 
anyone wnh any notion of the subject. Practical applications also find a 
prominent place, but a departure is marked by the introduction of a great 
deal of modem physics, including quanta and relativity. The chapter 
on the latter is possibly the greatest triumph of the work, for it forms an 
accurate account of the problems of the tether and special relativity in dear 
simple language. One or two errors have crept into the book, such as the 
statement ttot the period of a pendulum is independent of its amplitude. 

A. Moaais Cassib. 


Matter, Eleotlidty, Bnaigy. By Prof. Walter Gbrlacb. Translated from 
the second German edition by Francis J. Fuchs, Ph.D. [I^. 
xii -t- 437.] (London: Chapman ft Hall, Ltd;, 1928. Printed In 
U.S>A. nice 30$. net.) 


The first German edition of Prof. Gerlach's book appeared in 1923, and there 
is no doubt that it was well received. Its main putjpose was to excite the 
interest of persons who were not professional physicists in the recent re* 
searches upon atomic phenomena. The subject*matter was presented in such 
a palatable manner that the translator fdt that this dm description oi 
recent work should be available to those whose knowledge of German was 
insufficient to enable them to read the original with pleasure. The contents 
of the bode are presumably quite weU-known to most teachers ot ph]nficS. 
They show that me author has m ai n tai n ed contact with a very wide range of 
work, aUd the book is very valuable in that it draws the attention m its 
readers to many important pieces of research by foreign workers, which are 
liable to escape notice in the huge output of work with which they strug^e at 
present. In this edition one or two diagrams need better reproduction. 

The translator has done his work well, and there ate only a few pdats 
which need revision. For example, the constant occurrence of the term 


“ rest rays "—^ihe inverted commas are not ours—^tends to become iRitathtg 
to the English reader. Again, such terms as *' chemism " and " vacnissd " 
are fortnnatdy not very familiar to tts. 

Finally, when we come to consider the price of the book, we have tp 
remember that it is a translation and that it should be available to a wite 


range of readers, and it appears to the reviewm that the price of the book is 
much too hi^b* L. B, Bi,' 


Ma UMmMm to Q91MI Aaftliaii. By Sir WnuAx Beaqo, 

D.Sc., F.R.S,, Dheetor of the Royal Instltutioa and Preside of fbs 
Britiah Association, 105 figures sia 4 

plates.] (London: G. Belt ft Sons, Ltd., 1928, Pike xss. net) 

.Rnansss of Jfwsys and CryUal SOwefure—and the nmnlMr of sueffi. nuit 
ran into ltownsn <i i- -udll sagerl^ wdcoms the i^ppee ia noe of 
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little hdok bom ibo pea of Sir WilUam Bragg. It would be difBoolt to find 
a more appropriate than friendly to describe his wiithigs and 
leetosee ; we feel irresktibly attracted to h&i, and through him to the subject 
wbkb he has so closely at heart.. 

An IntroducAon to Crystal Anatysis is no treatise on the subject. We 
often hnd the word Introduction ** attached to most forbidding tomes, but 
in this case innocent readers need have no fear. And 3ret this does not mean 
that no difficult points are touched upon—far from it. But Sir William Bragg 
has such a power of laying bare the fundamentals as cleaiiy to you as to 
himself, that the rough runs not a bit more roughly than the smooth. As 
witness his almost childish deduction of the formula underlying the enor* 
snously important rotation photograph." Students of the comprehensive 
works on crystal structure which have appeared during the last decade will 
fuBy aiqpfeciate the beautiful simplicity of such a proof. Crystal structure is 
undoubtedly a subject of many heart-breaking problems ; but you would not 
suspect it from this book. At least, you would feel extremely hopeful about 
the whole business. 

Which is just the impression one always receives from Sir William Bragg’s 
discourses—an impression that things are not so difficult after all, in fact, 
extremely hopeful all round ; and always very, very interesting. 

The book is based on a course of lectures delivered at the University 
College, Aber3r8twyth, but its plan and scope are naturally somewhat broader 
than such a course would permit. It is really a rewriting of X-^ays and 
Crystai Structure in the light of added experience. Indeed, one of the most 
fascinating chapters is the one in which the author shows the simple way in 
which we should now tackle the- problem of sodium chloride, the problem of 
which the solution by the Braggs has opened up such fruitful fields of investi* 
gation. Such tremendous consequences have followed from that research 
that it is now almost essential in the scientific world to have at least a nodding 
acquaintance with crystal analysis. And though An Introduction to 
Crystal Analysis contains sufficient material to give a prospective researcher 
n very sound start in his subject, it is admirably adapted to the needs of 
workm in other subjects w ho feel the want of some good, readable book to tell 
them what it is all about. A better book for both these purposes than the 
one under review does not exist, and, we venture to state, could not be written 
but hv Sir William Bragg. As in the opera, you have a feeling that " the 
story be tells you is true." W. T. Astbury. 

fbt PlllSiQI of Ocfftali. By Abram F. JoFFfi, Ph.D., D.Sc., D.Eng., 
IX.D. Edited by Lxokard B. Lobb. [Pp. xii -f 1981 with 61 illustra- 
tions.! (London: McGraw-Hill Publishing Co. L^., 1928. Price 
X55. net.) 

Tmxs book consists of a series of seventeen lectures delivered before the 
Univsxiity of Califbmia. They all deal with the subject of Crystal Physics, 
the first six from the point of view of mechanics and the rest ixom that of 
sIsotricBiy.. 

Rof aii ar JofH and his pupils have been engaged upon experimental 
n ss are has in these directions for some five-and-twenty years. They have 
studied the nature of elasticity, deformation, breaking stress, electrical 
oondoetivity (both electrolytic and electronic), and of dielectric losses in 
orysthls, as weU at a number of subsidiary phenomena necessary to explain 
the appaxunt disagresment between theory and observation in me ch a n ical 
'imngUi and nqri^ by intense electric fields. All these problems, and a 
ahniber dl oifitem, am discussed at considerable length and, for the most 
part# with cmnniesidabto dkoity. 

.. rlw asit have ttadled this.ivork carefully without remari^ag 

ea tha fcogaMM ahioh the author haa been abifr to make afaaoat eatiraly oa 
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the basis of classical conceptions* There is very little Quantum Theory 
indeed* 

Such a simplihcation has decided merits (and Crystal Physics has long 
flourished on the old order), but the time cannot be far distant when invasion 
by the New Mechanics will set in with a vengeance, and no man can stem 
that tide. The elegant and careful work described in these lectures may well 
avail to weather the storm, albeit the interpretation of results may undergo 
revision. This would seem particularly likely, because a certain mechanistic 
handling of the behaviour of atoms or ions in crystal lattices can be traced 
throughout the volume, which suggests the mind of the engineer rather 
than that of the modem physicist. However difficult and mentally dia* 
tressing it may be, lattice particles (whatever they are) cannot for much 
longer continue to present themselves to our minds as neat, deformable 
spheres; they must not expect to escape transformation—^and in a sense 
sublimation—^into those elusive joys of the mathematician, the ^ functions 
of the Wave Mechanics. 

With these reservations, one may turn to a few points in the book itself. 
It is curious that in dealing with the equations of equilibrium (pages 14 and 
15), no mention is made of the fact that the fundamental expression for the 
energy U in the form given refers to distances between unlike charges only, 
and that another similar equation (somewhat artiEcially afflicted for the 
time being with a constant equal to —0*5) is required to deal with like 
charges. Again, Fig. 7 needs slight emendation in the light of equation (ii). 

lecture VI deals with the important experiment of the quenching of 
a rock-salt sphere. Even after reading the beautiful theoretical analysis of 
this problem by Grtinberg, one is left unconvinced that the tangential forces 
do not produce spurious cracks, and are not thus responsible to some extent 
for premature breakdown in a way as yet unknown. 

Nevertheless, on the merits of ^1 the work contained in this book, Prof. 
Jofl^ and his disciples are sure of places amongst the master-craftsmen of 
Crystal Physics. F. Ian G. Rawlins. 


Wien-Hanns Handlmob der Ezperimentalpliyfik. Band XIII, 2 Teil. 
Oliilielektroden and Teohnisohe Elektronenrbhren. [Pp. x + 492, 
with 179 illustrations,] (Leipzig: Akademische Verlagsgesellscludt, 
m.b.H., 1928, Price 46 M. geb.) 

The contributors to this volume are to be congratulated on the production 
of such an excellent work upon relatively new brandies of physics and 
engineering. Their work is divided into three parts, in the flrst of which 
Prof. W. Schottky and Dr. Rothe deal with the mathematical physics of 
the emission of electrons from hot filaments. Every aspect of the problem 
is considered, and the authors trace the development of the Richardson-* 
Schottky-Dushman equation from the original Richardson emission formula. 
It is shown how the former equation may be expressed entirely in terms of 
known physical constants, and this great advance is fuUv discussed. The 
summaries of the experimental constants which have so far been obtained 
indicate that in this branch experiment lags behind theory, and it is to be 
hoped that more experimenters will be induced to examine the impUcations 
of the new theoretical equation. This portion of the book also includes a 
discussion of the theoretical and practic^ work carried out on tiie influence 
of gas pressure, the nature of the gas, and the surface of the emitter and so 
forth. 

In the second part, Dr. H. Simon describes the modem methods of manu*^ 
facture of vacuum-tubes, and an excellent, if general, account of the various 
processes involved is given for all types of vacuum-tubes in general use. 
Vacuum-tubes in common use are divided into four clasaesi viz. those ifrith 
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pare metal filaments, such as tungsten, those with a core metal and a thin 
metallic coating, such as thorium on tungsten, those with a core metal and a 
thicker coating, such as barium oxide on tungsten, and, finally, gas-filled 
tubes such as &orium filament tubes filled with argon and hydrogen mixture. 
More attention might have been paid to the present-day uses of ^ese classes. 
The first class is usually employ^ for the largest power transmitters and the 
power rectifiers, and the second cl^ for small transmitters and 
Rectifiers and receiving valves of the more powerful types. The third class 
is cmefly used for receiving valves, particul^ly where small filament current 
is desired, and to some extent for more powerful receiving valves, but rarely 
for transmitting valves, whilst the fourth class is chiefiy used for small 
power rectifiers. 

The third portion of the book, by Dr. Rothe, deals with the applications 
of vacuum-tubes, and the author would have attempted a difficult task had 
he tried to describe all the numerous and over-increasing uses of the valve. 
He has therefore chosen to give a general account of the principles involved 
when the valve is used as amplifier, generator, power rectifier, or detector. 

We have already congratulated the authors on this excellent work, and 
it is earnestly hop^ that it will receive the attention in England which it 
undoubtedly deserves. B. 


OHBXXITBT. 

A (kmiprehmitive Survey of Starch Chmniftry. Compiled and edited by 
Robert P, Walton. [Part I, pp. 240, Part II, pp. iv -f 360, in one 
volume.) (New York: The Chemical Catalog Company, 1928. 
Price 1 10.00.) 

The importance of starch as a food for the human body, the many industrial 
uses to which it is put, and the fascination attached to the elucidation of 
its structure, make the production of this book of considerable interest. 

The first part consists of a series of articles by eminent contributors 
firom all over the world, dealing with the many different aspects of the 
subject. Some idea of the contents may be indicated : thermal depoly- 
xneiisation, methylation, enzymic hydrolysis, bacterial degradation, colloid- 
chemical properties, X-ray spectography, bread-making, fermentation 
industries, manufacture of com starch, potato starch, dextrin, gums, starch 
and flour adhesives, starch in the textile industry. In this part many refer¬ 
ences are given to the second part, which consists of a bibliography con¬ 
taining 3,485 references. These are classified under different headings, 
46 in all, and the compiler must bo congratulated on this work. 

The book is well written and well printed, and should prove a most useful 
work of reference. -Both author and subject indexes are included. Vol. II 
is promised to contain a survey of the patent literature of the subject. 

J. N. E. D, 

Offillie CDteniigtry for Adviiioed Students. By J. B. Cohen, Ph D., D.Sc., 
F.R.S. (Fifth Edition. Part I, “ Reactions," pp. vii -f 427. Part II, 
" Structure," pp. vii 487. Part III, " Synthesis," pp. vu -f 440.] 
(London: Edward Arnold & Co.. 1928. Price 185. net each volume.) 

The student who has completed an introductory course of organic chemistry 
may easily find himself bewildered by the vast mass of facts with which he 
is faced on continuing his studies. Each year the amount of newly published 
work becomes greater, and the task of discrimination more difficult. 

The serious student who finds himself in this positioa may be well advised 
to nudm a careful study of the above volumes. The main problems of 

46 
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on^e diemistnr are here discussed io a series of essays, which the student 
wm find most hdpful. The work is now so well known and well eatablished 
that it is unnecessary to say more. The arrangement of this—^the fifth— 
edition, is similar to that of the previous one. Much of the contents has 
been rew ritte n, and some parts condensed, in order to give room for a 
description of more recent work, thus bringing the volumes up to date. 
There is a net increase of fifty-eight pages in this edition, the price of which 
has been kept the same. 

The scope of the work may be indicated by the titles of the chapters: 
historical introduction, valency of carbon, nature of organic re^tions, 
dynamics of organic reactions, abnormal reactions, physical properties and 
structure, colour and structure, isomerism and stereoisomerism, stereo¬ 
chemistry of unsaturated and cyclic compounds, stereochemistry of nitrogen, 
isomeric change, the benzene theory, the carbohydrates, fermentation and 
enz3iine action, the purine group, proteins, terpenes and camphors, 
alkdoids. 

J. N. E. D. 

Orgfmio Amtheses. Vol. Vll. By Frank C. Whitmore, Editor-in-Chlef. 
[Pp. vii -f 105.] (New York : John Wiley & Sons; London : Chap¬ 
man St Hall, Ltd.. 1927. Price 7s. 6d. net.) 

Orgaaio Syntheses, Vol. VlII. By Roger Adams, Editor-in-Chief. (Pp. 
vii + 141.] (New York: John Wiley & Sons; London : Chapman 
Sc Hall, Ltd., 1928. Price los. net.) 

The plan adopted in the previous volumes of this series, of giving detailed 
iuetructioiis for each preparation under three heads (i) Procedure, (2) Notes, 
(3) Other Methods of Preparation, is followed in these two volumes, which 
are a welcome and useful addition to the series. Before publication, each 
preparation is checked by independent chemists, thus ensuring, as far as 
possible, that the stated ^delds can be obtained by following the instructioaB 
given. The details provide for making larger quantities of chemicals than 
is usual in textbooks of organic preparations, the object being to enable 
the worker to obtain sufficient amounts to use as starting material for 
research. Collective Author and Subject Indexes to all the volumes are 
given, and there are convenient spaces for the addition of notes, 

Vol. VII contains details for the preparation of anhydro-2-hydroxymer- 
curi- 3 -mtrobenzoic acid, p-arsonophenoxyacetic acid, benzanihde, 0 -bromo* 
ethylphthalimide, 2-bromo-3-nitrobenioic acid, chloroacetamide, ^-chloro- 
mercuribenzoic acid, a-cyano-/ 9 -phenylacrylic acid, />-dimethylaminobettzo- 
phenone, 3:5-dinitroani8ole, diphenic acid, ethyl bromomalonate, ethyl 
w-btttylacetoacetate, furan, furfuralacetone, 2-furylmethyl acetate, guanidine 
nitrate, hydrogen cyanide fanhydrous), 0 -hydroxypropionic add, 
benzoic acid, methyl n-amyl ketone, a*methyl mannose, nitroguanidine, 
3^trophthalic add, 3-mtrophthaUc anhydride, pentene-2, phthalimido- 
malonic ester, triphenyl stibine, xanthone, xanthydrol, whilst VoL VIII 
gives instructions for the preparation of acetamidine hydrochloride, allyl 
C3ranide, anthrone, /-arabinose, benzalaniline, benzohydrol, benzoph^one, 
twnzoylh3rdroperoxide, benzylacetophenone, benzylanihne, j^bromodiphenyli 
m-bromonitrobenzene, ifr/-butyl chloride, y-chlorobutyr^trile, p^Woro- 
propionic acid (two methods), dibenzoylmethane, di-o-nitrophenyi disulphide, 
ethyl p-aminobenzoate, eriiyl benzoylformate, ethyl cyanoacetate« nitre* 
antiirone, m-nitrophenol, phenyletbylene, phenylsuccwc acid, sodium 
^arsono-N-phenvlglycmaznide, styrene oxide, trimethylaoetic add (two 
methods), trimetnylene chlorohydrm, triphenylamine. 


J. N. E. D. 
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tataMil Oitaliiis. By Stanley S. Green, M.A., AJ.C. [Pp. 505O 
(London: Ernest Benn. Price 505. net.) 

The last decade has witnessed an unparalleled rate of growth in the appli¬ 
cation of catalytic methods to industry. The problems confronting the 
industrialist in developing a catalytic laboratory process to the stage of a 
manufacturing plant are naturally different from those which the research 
chemist has to contend with. There are a number of excellent books which 
give a general review or which deal with some special held of catalytic opera¬ 
tions in the research laboratory. It is clear that a complementary volume 
is necessary to describe how the industrial problems, such as pressure plant 
design, purification, heat exchange, gas liquid contact operations, catalyst 
preparation on a large scale, and the like are carried out. Such a volume 
might well be entitled “ Industrial Catalysis.** It was in the hope of reading 
SU& a book that the reviewer opened Industrial Catalysis, by Mr. Green. 
It must be confessed that the title must, from this point of view, be regarded 
somewhat as a misnomer. The volume contains twelve chapters, the first 
four containing a summary of the history and physico-chemical considera¬ 
tions as well as the theories of catal3rtic action. These are in some respects 
rather poor chapters in that the developments in the last few years of this phase 
of reaction kinetics find no place and certain statements are liable to give the 
reader a somewhat erroneous impression as to the true state of affairs; thus 
on p. 76 we find in a discussion on the question of equilibrium and the effect 
of a catalyst thereon that Reid utilising silica gel '* obtained yields of 76 per 
cent, of ethyl acetate, notwithstanding that the equilibrium mixture at this 
temperature contains only 67 per cent.** The possible effects of solvent on 
the equilibrium position do not seem to have been realised. Again, on p. 85, 
we find that “ X-ray examination showed that metallic catalysts generally 
possessed the definite space lattice structure of the crystalline metal, but 
groups of surface atoms existed in which the crystallisation process was 
incomplete.** Here again the writer does not seem to be aware of the 
limitations of the method of examination of crystals by X-rays. The subse¬ 
quent chapters, viz. V to XII, are distinctly better, in which the various 
reactions which can be accelerated by catalytic methods are enumerated. 
The chapters on oxidation and combustion (V) and on the utilisation of 
coal ^XII) draw attention to certain phases of catalytic activity which are 
especially prominent at the present time. Whilst a great deal of interesting 
material is incorporated in these chapters, the classification appears to be 
a little complicated and frequently certain sentences are found which even 
to a non-critical mind appear somewhat cryptic. Thus on p. 109 wc find 
in the discussion on the Welsbach burner and the effect of ceria on the light 
emissivity of thoria that ** the explanation of these facts is catalytic.** A 
few errors are to be noted on the nomenclature; thus Goold and Adams for 
Goold Adams, p. 147, and the various investigators named Taylor have not 
been sufficiently well identified in the text. In spite of these criticisms, the 
book contains a great deal of very readable material and clearly represents 
the results of much labour; the printing and binding are good, although the 
adoption of capitals such as Dimethyl ether and Methyl alcohol for the first 
lettm of the names of chemical substances is somewhat unusual. 

Eric K. Riobal. 


Atonrio Sfaraotore as Modified by Oiidatton and Bednottoou By William 
CoLEBROox Reynolds, D.Sc., F.I.C., A.R.C.S. [Pp. vii + xa8, 
with tx figures and x table.] (London: Longmans, Green A: Co«, 
X9a8. Price 7s. 6d.) 

Tn* xnajori^ of w r i t ers on scientific subjects realise the responsi^lity that 
rests upon them. They are careful only to place before the public theories 
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that have been critically examined, and which clearly serve a useful purfKm. 
The present writer cannot be numbered amongst the majority. On reining 
the first chapter we become alarmed at the prospect of some misguided 
student's taking this work as a textbook. It is not long, however, before 
we are reassured by the thought that any student who is so dense that he 
caxmot see the quackery deserves to be misled. We are told, for instance, that, 
on the analogy of the effect of air currents on the velocity of sound, we must 
look for ether streams to account for refraction of light. " All the electron 
shells surrounding the nuclei act like centrifugal fans forcing (magnetic) 
streams of ether in definite directions; vibrations traversing the orientated 
ether permeating transparent matter must have the paths of the particles 
moving in a direction parallel to the wave-front increased. This increase 
may constitute the chief cause of the diminished veloci^ of wavw through 
the material" (p. 117). This gem has been quoted as it occurs in the Is^ 
chapter; and it seems unlikely that anyone other than a reviewer with a 
stem sense of duty will read so far. Schofield^ 

The Odloidal Salts. By Harry Boyer Weisbr. [Pp. xi -f 404, with 40 
figures and 54 tables.) (London : McGraw-Hill Publishing Co., 1928, 
Price 25s.) 

The many research workers who have used the author's former work, Ths 
Hydrous Oxides, will welcome the appearance of a companion volume. Like 
the former, this work is comprehensive. Roughly half the space is devoted 
to the sulphides, that of antimony naturally taldng pride of place on account 
of the large number of investigations made upon it. The first six chapters 
are devot^ to systematic descriptions. The next four treat respectively 
of pigments, Uthopone, flotation of ores, and the phosphorescent sulphides. 
The author then considers sulphates, halides, ferrocyanides, and silicates. 
The technical subjects considered under this head include photography, 
ultra-filtration, gla^, and clay. 

The very considerable amount of experimental work which the author 
has carried out in the field of colloidal chemistry has given him an exact 
knowledge of the subject which he now places at the disposal of his readers. 
This, coupled with the convenience of having a large amount of dependable 
information assembled in one volume, will recommend the book to those 
who are concerned with inorganic colloids. 

When this amount of pi^ae has been given it is only fair to point out 
the book has limitations. It is one of those which leaves no clear impression 
upon the reader beyond the feeling that the subject is elusive. Hiis is because 
the book is a compilation of the work and views of numerous writers rather 
than a narrative. The work will chiefly be of use as a book of reference to 
those who aheady have a working knowledge of colloidal phenomena. 

Though for the most part the author remains in the backmund, his 
chief activity is discountenancing any idea of compound formation. He is 
alwa}^ inclined to favour " adsorption." While this is doubtl«M an eminently 
safe and prudent view to take, seeing that " adsorption " merely means that 
the molecule in question is held to the surface by a force of some kind, it 
shelves the all-important question of the nature of the adsorbing force. 

R. K. ScHonxxjo# 

ghotochemioal Proesis. By George B. Kistiakowsxy. [Pp. 270, with 
8 figures and 41 tables.] (New York: The Chemical Catalog Co., 1928. 
Price 15 - 50 .) 

The author and the editors of the American Chemical Society Monographs 
are to be congratulated on the production of a book which is a valuable 
addition to the series. The author has undoubtedly made good use of the 
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in Piof. Taylor's laboratory. Photochemistry is a subject that is growing 
rapidly in volume and in importance, and a connected account of the recent 
work m this held is very welcome* It is already evident, and a perusal of 
this book will make it even clearer, that photochemistry cannot be regarded 
as a specialised branch that can safely be disregarded by all but those engaged 
in work upon it. It has already thrown so much light upon the fundamental 
problems of chemical kinetics that it is rapidly assuming a place as an 
mtegral part of theoretical chemistry. For instance, the high quantum 
yield in numerous photochemical processes has compelled a sceptical world 
to believe in the existence of reaction chains for which no conclusive evidence 
could be found from a study of thermal reactions. Again, the possibility 
in certain cases of obtaining the energy of activation from the absorption 
spectrum and comparing it with the value obtained from the temperature 
coefficient of the thermal (dark) reaction has greatly assisted in establishing 
the essential correctness of Arrhenius's activation theory. For the future, 
we may look with confidence to a closer study of absorption and emission 
spectra as a means of studying chemical processes in detail. 

The sixth chapter deals respectively with light quanta, the equivalence 
law, chain reactions, photosensitisation, catalysis and inhibition, and the 
influence of the frequence of incident radiation. Once the doctrine of quanta 
has been set out in the first chapter, the equivalence law is seen to be axio¬ 
matic so far as the primary excitation is concerned. The problem is then a 
twofold one. First, it is necessary to find what is the nature and condition 
of the molecules (or atoms) produced by the primary adsoq>tion of light 
quanta; and then to ascertain the sequences of changes which result from 
mtix formation, A certain amount of conflict in experimental evidence 
(due mainly to the high sensitivity of many of these reactions to traces of 
impurities **) and a still greater mvergence in the details of the theoretical 
views of difierent workers make it difficult for the author to disguise the 
fact that the subject is one that requires careful study, if the true position 
is to be grasped. It is greatly to be hoped that this b^k will attract a wide 
circle of readers. R. K. Schofield. 


in Obemistry. By R. Allan Morton, B.Sc., Ph.D., F.I.C. 

[Pp. XV + 284, 44 figures.] (London: BauUidre, Tindal & Cox, 1928. 

Price 155.) 

The author has taken a wide interpretation of his title, and deals with all 
manner of things, from quanta to glow-worms. The grill is none the worse, 
however, for b^g mix^. The number of those who will find subjects of 
interest to them is obviously largo when those who are interested in neither 
quanta nor glow-worms may yet devour with avidity the section dealing with 
riie way in which X-rays are used to distinguish old masters from fakes. 
A catalogue of all the topics discussed would look very like a page of a dic¬ 
tionary, but a list of the chapters wiU give the general plan of the book. 
These are: the laws of photochemist^, light sources, mbasurement of 
li^t intensity, photochemical reactions, the photographic and allied indus- 
tnes photoelectricity and luminescence, biochemist^ and light and X-rays 
in dienucal theory and practice. 

There is always a tendency for scientists to specialise to an extent that 
makes it dUfficult for them to grasp far-flung analogies and wide generalisa¬ 
tions. If this book makes one who is mainly concerned in chasing quanta 
take a lively interest in the activities of a glow-worm, or, vice versa, a great 
service may be rendered; for as likely as not they have more in common 
tihan is generally realised at the present time. 

It is unlikely that any reader taking up this book will fail to find some¬ 
thing in it that is new to him and still more that is of interest. The reviewer 
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finds himself rather at a loss to sort out from readers in general the partkidar 
dais or classes of xeMieni whose attention he would apecially draw to this 
book. He himself has read it with interest and pront» and be hopes that 
many others will have the same experience. R. K. Schofixu>. 

The Vlsoosiiy ol Lignids. By £. Hatschbk. [Pp. xii + 237.] (London: 
G. Bell Sc Sons, 1928. Price 155. net.) 

Ik view of the many advances made in the j^ysics of fluid motion in the last 
two decades, this book is very welcome. The author deals with one a^^pect 
of viscosity, that which is probably the more familiar to students of ph3rsics, 
the flow of liquids between closely confining boundaries. The cognate 
problems connected with the flow of fluid limited by solids at certain points 
only seem to have been purloined by writers on aeronautics. 

The historical development of the concept of viscosity is briefly outlined 
—^many physicists will be surprised to learn that the word is derived from the 
mistletoe on account of the stickiness of its berries—and then follows a 
detailed treatment of the two methods which form the source of practically 
Uie whole of the results discussed in the book, vis. the capillary tube and the 
concentric rotating cylinders. The design of these viscometers is fully 
discussed. Variation of viscosity with temperature and with pressure— 
including Bridgeman's important investigations—form the subjects of the 
succeeding chapters, while the relations between viscosity and physico¬ 
chemical properties are covered with a fullness which should appeiri to the 
chemist. As the author is an authority on the viscosity of colloids, it is only 
fitting that a chapter on this interesting subject is included—-one would have 
liked more. In a colloid the viscosity is a function of the velocity gradient, 
80 that one can scarcely speak of a viscosity coefficient, at least one cannot 
justifiably derive such a coefficient from measurements in viscometers where 
the velocity gradient varies. The present state of knowledge of colloid 
viscosity is well summed up. 

Not the least valuable part of the book is the large number of references 
both English and foreign given at the end of each chapter. £ 

OoOoid Ohemiitry. By The Svedberg, Professor of Physical Chemistry 
at the University of Upsala. [Pp. 302, with 167 figures.] (New York: 
The Chemical Oitalog Company, 1928. Price I5.50 net.) 

Ik this, the second edition. Prof. Svedberg's book on Colloid Chemistry 
has been considerably enlarged to include accounts of much new work done 
in the course of the last four years. As before, the author has laid special 
stress on quantitative investigations rather than on qualitative experiments 
as the best method of achieving real advance in the understanding of the 
sublet. 

book is still chiefly concerned with the work carried out by the author 
and his assistants in his own laboratory, and it is therefore to be expected that» 
of the additions made in the present cKlition, predominance should be given 
to a detailed account of the theory and use of the ultracentrifuge. This 
instrument, whereby the settling out of particles under centrifugal fields can 
actually be viewed in progress, proves a |:^werful weapon in the hands of the 
author and his collaborators for determining the size diatribation of particles 
in a suspension and has also been used in &e measurement of the molecular 
weights of proteins. 

Additions are also made in the sections concerned with the application of 
X-ray analysis to study of sols and gels ; with oriented coagulation, and with 
the photographic process from the stand|^int of the collet chemdst; while 
the section on osmosis and membrane equiUbrium has been rewritten. 

W. W. B. 
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fte Drttrmtrirtton of lliii«rali ante Ote Hiorofoope» wttb Ipeolil Bitamot 
to tti0 Interpretation of Interferenoa Phenomene. By J. W. Evans, 

CB.E., D.Sc., F.R.S. [Pp. xii 4* no, 4 plates, 51 figures.] (London : 
T. Murby & Co., 1928. Price 75. fid. net.) 

Tbs student of mineralogy and petrology coming fresh to these subjects is 
often baffled by the optical phenomena he encounters in the determination 
of minerals under the microscope. Dr. Evans's little volume, which deals 
mainly with interference phenomena, has been written especially to help 
students in the optical study of minerals, and to explain rimply, avoiding 
the use of advanced mathematics, the optical principles which underlie the 
practice. It goes almost without saying that Dr. Evans has been entirely 
successful in his aims. Beginning with a chapter on the petrological micro¬ 
scope, and following with a chapter on the nature and properties of light, 
he passes immediately to the examination of minerals in polarised light, 
phenomena between crossed Nicols. the object image, the directions image, 
and dispersions in the directions image. A few other determinations, such 
as the thickness of the rock or mineral slice, birefringence, and refractive 
index, are dealt with briefly in a final chapter, and the book ends with a 
brief summary of procedure. 

In a work such as this there is little need or scope for criticism; but while 
there may be a mathematical reason for the procedure adopted, for clearness* 
sake should not the birefringence have been rendered as r — er, instead of 
«r — T (p, 14), which is a negative quantity according to the statements 
made on p. xa ? Similarly, considering that the book is concerned with 
optical phenomena, should not the term **isotropic" be rendered as " opti¬ 
cally isotropic '* ? 

Throughout the book clear, concise, and simple descriptions of the pro¬ 
cedures involved in the optical determination of rock-forming minerals are 
given, and these are supplemented by a number of clear diagrams. The 
excellent polarisation colour scale recently pubhshed by Dr. W. R. Jones 
and Dr. A. Branunall is utilised as a frontispiece. No student of minex^ogy 
or petrology can afford to be without this work. G. W. T. 

Btemsnti of Optioal Uneralogy. An Introduotion to Hiorotoopio Petro¬ 
graphy. Part II. Descriptions of Minerals, with Special Reference 
to their Optic and Microscopic Characters. By N. H. Winchell 
and A. N. Winchell. Second Edition. Entirely rewritten and 
much enlarged by A.'N. Winchell. [Pp. xvi -f 424, with 333 figures.] 
(New York: J. Wiley St Sons; London: Chapman St HaU, 1927, 
Price 275. fid. net.) 

This second edition of a well-known reference work has been entirely re¬ 
written and rearranged by Prof. A. N. Winchell. The author appears to 
have ransacked every available source of information, American and Euro¬ 
pean, for his data, and the material here compiled can be relied upon as 
thoroughly up-to-date and exhaustive. As Prof. Winchell points out in his 
preface, the work is not merely a compilation, but includes a great deal of 
new information which has been won by comparative studies of the exiting 
data. New ideas are stated with reference to the chemical constitution of 
xnany of the iaomorphous groups of rock silicates, and as to correlatioiui 
between varialions in composition and optical properties within these groups. 
Many of these new relations have been expressed by means of diagrams, 
which will prove to be of great assistance m mineralogical and petrographical 
determinations. 

Wbile on first sight the book seems to be a mass of figures, yet the arrange* 
ment of the matter is so good, and the index so full, that the required infer* 
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mation can be obtained with great ease and rapidity. The more general 
matter, and that dealing with the commoner minerals, are printed in larger 
type than that referring to the leas important and Usn abundant minerals. 

only criticism that &e reviewer would like to make is that, for him, the 
type of a large portion of the book is rather too small and fatiguing to the 
eye. The figures are numerous and admirably clear. It is indicative of 
the importance of the febpar mup amongst the rock-forming minerab that 
no fewer than 64 pages out of 407, and 74 figures out of 333, are devoted 
to this group. This book contains easily the best accounts of the optical 
properties of the felspars and other isomorphous groups of rock-forming 
minerab. 

The arrangement of the minerals was alphabetical in the first edition of 
this work; but as thb arrangement proved not entirely successful in practice, 
it has been changed in the present edition to the scientific chemical arrange¬ 
ment which wo owe to Dana. A short introduction describes the drawings, 
diagrams, and projections that are used. 

Extensive dipping into the data failed to dbcover any errors or mb- 
prints. We are of opinion that the book is a first-rate work of reference 
which should find a place in the library of every working mineralogbt and 
petrographer. G. W, T, 

Monographs ol the Oedogioal Department of the Hunterian Mnaenm* Olaagow 
University. H. The Vertebrate Fossib from the Oladal and Aaaoei« 
ated Post-glacial Beds ol Scotland in the Hnnterian Mnsenm* 
University ol Glasgow, and their Evidence on the Olassiflcation ol the 
Scottish Glacial Deposits. By J. W. Gregory, D.Sc., F.R.S., President 
of the Geological Society, and Ethel D. Currie, B.Sc., Ph.D., F.G.S. 
[Pp. 25, 3 plates, 6 figures.] (Glasgow: Jackson, Wyllie & Co., 1928.) 

The difficulty in correlating the Scottish glacial and post-glacial deposits with 
those of England and the ^ntinent is due to the scarcity of fossib and their 
sporadic occurrence, and also to the absence of evidence of the occupation of 
the country by Lower Palaeolithic Man. The correlation suggested by the 
authors in the present volume is based largely on the mammaUan remains in 
the Hunterian Museum and on the information available regarding the hori- 
20ns in the Scottish glacial and post-glacial drifts from which they were 
derived. 

The most important localities are Kilmaurs (near Kilmarnock), Bbhop- 
briggs and Torrance (near Glasgow), Groftamb (Drymen, near the southern 
end of Loch Lomond), Cowdon Glen (near Barrhead), and Lanark. 

The oldest Scottish glacial horbon afiording definite pabeontological evi¬ 
dence b that of Kilmaurs (reindeer and mammoth; marine shclb with 
species now extinct in British waters). The assoebted boulder-clay b the 
second of the three Scottish boulder-clays, and the authors correlate the 
horbon with the Third Terrace of the Thames Valley. The Bishopbriggs 
and Torrance horizon (mammoth and woolly rhinoceros) b conelated until 
the Late Middle Terrace of Crayford and Erith, the associated boulder-day 
being interpreted as the oldest of the Scottish boulder-clays. 

The remaining Scottish horizons are of pbst-Moustexian age, the oldest 
occurring at Croftamie. Here the fauna b reindeer without mammotiit 
and marine shelb of spedes now living in British waters; the overlying 
boulder-day is interpreted as the Upper Boulder-clay. These deposits are 
cormlated with the Maximum Glat^ticm {vide Hinton). The post-glacial 
horizons are correlated with the Lower Terrace of the Thames Valley seqwnoe. 
They are represented by deposits at Cowdon Glen and drift filing the pxe- 
glacial valleys of the Qyde, near Lanark. At Cowdon Glen the underly^ 
boulder-clay b the Upper Boulder-day of Croftamie, and the overKring 
bouldcr-clay b interpreted (after Craig and Strain) as a slipped mass m the 
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underlying clay* The fauna at Cowdon Glen is Bos phmigenius, red doer, 
and horse of the Steppe type ; at Lanark, horse of the Plateau type. 

Other loctdities, which cannot be enumerated here, are correlated with 
those mentioned above. 

The catalc^e of the specimens is well illustrated by plates and by figures 
in the text. The authors have had the assistance of numerous specialists in 
the determination of the material. There is a bibliography of the glacial 
and post-glacial palaeontology of Scotland. 

John Weir. 

BOTAVT AVB AO&ZOITLTU&S 

Phmeera of Plant Study. By Ellison Hawks, F.R.A.5., in collaboration 
with the late Prof. Boulger. [Pp. x -f 288, with 15 plates.] (Lon¬ 
don : The Sheldon Press, 1928. Price 12s. 6d, net.) 

The authors of this work have covered a long period of time from the plants 
of ancient Egypt where the field poppy was already a weed of cultivation 
more than 2,000 years n.c. to the middle of the nineteenth century when 
the dominance of morphology and taxonomy began to give place to the 
ph3rsiological and applied aspects of modem times. 

Despite the claim for the Chinese Emperor Chin-nung that he founded 
Chinese medical botany nearly 5,000 years ago, it is not till the time of 
Theophrastes (370-387 b.c.) that botanical knowledge can be said to have 
assumed a scientific aspect, a period that is considered in Chapter VIII. 
There follows a consideration of the contributions of Pliny, Dioscorides, 
Albertus Magnus, and other pioneers who flourished before the invention 
of printing gave to the world the herbals of Schofie (1433), Bninfels (1530), 
Fuchs (1543), Matthioli (1544), Turner (1551), Gerard (i597)» and Parkinson 
(1640). Just as this output of herbalistic literature in the sixteenth century 
gave an impetus to taxonomy that reached its zenith in the nineteenth 
century, so, too, the introduction of the compound microscope into England 
in 1619 initiated the study of plant anatomy and enabled Hooke (1665), 
Grew (1671), and MaJpighi (1675) to discover the cellular structure of organisms 
and the vascular conducting tracts of plants. The study of vegetable 
physiology may be said to have begun with the writing of Vegetable Staticks 
by Hales in 1727 and from then on the dominating position of taxonomy 
was threatened. 

The sequence in development of botanical thought is interestingly pre¬ 
sented, and though the leng^ of period covered necessarily involves a selective 
and often cursopr treatment, the main trends are adequately indicated 
even if the relative importance of the contributions of the past are not 
sufficiently emphasised, E. J. S. 


Ihe Hmnanoe of the Apotheoaries’ Garden at Chelsea. By F. Dawthby 
Drbwitt, M.A., M.D. Third Edition. [Pp. xvii + 175, with 15 
plates.] (Cambridge: At the University Press, 1928. Price 
75. fid. net.) 

The first edition of this work appeared in X922, a second two years later 
in which was included the letter from Gronovius that showed it was the 
Apothecaries’ Garden which was the chief object of Linnaeus’s visit to England. 
The present edition contains additional matter of which perhaps the most 
interesting is the correspondence between Sir James Smith and William 
Jones respecting the proposed Linnean Society. 

The book contains much that is of interest regarding the history of the 
gardens which to-day, under the curatorship of Mr. William Hales, play a 
definite part in London Education, and thus, despite the change of owner* 
shxp« stdl furthers the advancement of botany, for which purpose the garden 
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was originally leased by the Apothecaries' Company in the reign of 
James 1 . 

The gardens have been associated with many famous men, of science, 
and horticulture owes no small debt to the work there carried on. Here it 
was that Phillip Miller wrote the well-known Gard&nir*$ Dictionary published 
two years after his appointment as gardener, and later William Curtis, when 
Demonstrator at the gardens, compiled his Flora Londiniensis and initiated 
^e Botanical MagaHne, which survives to the present day. 

P* J. Sa 

A Teitbook of Syitemitie Botany. By Prof. Deans B. SwiNots. {Pp. 
xiii 4- 254. with frontispiece and 6a figures.] (London: The McGraw- 
Hill Publishing Co.. 1928. Price los. net.) 

It is. as the author points out. a curious fact that in the branch of botany 
which has been longest studied there are practically no textbooks. The 
first part of this work aims at setting forth the general principles of taxonomic 
study and is divided into ten chapters treating respectively of Purposes 
of Systematic Botany; Evolution in Relation to Taxonomy; PrincipM of 
Taxonomy; Difficulties in Classification; Development of Systems of 
Taxonomy; Phylogeny of Spermatophytes; Nomenclature; Preparation 
of Herbaria; The Terminology of Sj^ematic Botany; The Literature of 
Systematic Botany. 

The second h£df of the book deals with a selection of families of angio- 
sperms. This section incompletely covers ground that has been more 
adequately treated in other works, and one cannot but regret that the space 
so occupi^ was not devoted to an expansion of the earlier part which con¬ 
cerns subjects with which most students are too little fai^liar; but the 
work is a welcome addition to botanical literature, and it may be hoped that 
further editions will be called for in which a more complete treatment can 
be presented. £. J* S. 


An Boonomio and Ftnindal AnalyBis of Fifteen East Anglian ftons, 19 B 6 - 

19 S 7 . By R. McG. Carslaw, M.A., and W, H. Kirkpatrick. C.D.A. 

[Pp. 17.] (Cambridge: W. Hefier A Sons. 1928. Price is. net.) 

The above is one of the series of reports on the conditions of agriculture in 
the Eastern Counties prepared by the Farm Economics Branch of the Uni¬ 
versity of Cambridge. In farming, as in other forms of business, the final 
test is the financial lowing of the enterprise, and judged from this standpoint 
these fifteen typical arable farms in 1926-7 present a rather dismal picture. 
Of the total outout. i,c. receipts less payments for raw materials and deprecia¬ 
tion. wages took 71 per cent., rent and rates 26 per cent., and profit, the 
fanners' reward, only 3 per cent. The interest on the farmers' capital was 
only *9 per cent.; while, if a charge was made for his own supervision, this 
minute profit was changed to a substantial loss. A heavy loss on cattle 
caused by low prices during the ** meat war ** was almost balanced by a 
series of smaller gains on crops of which sugar beet and barley were tht most 
profitable. Milk production on arable land was not very remunerative. Of 
the side-lines to farmtog. poultry showed consistent pmfits amounting to 
100 per cent, of the invested capital. The season covered was worst 
encountered since these yearly anfld3rses had been undertaken, and the authors 
conclude on the note that ^termers must look to adaptability and resource 
within the industry rather than to the Government for a way out of their 
difficulties. In any case, they say it is unlikely that it will ever be possible 
to feel assured that fanning provides a gilt-edged security." , « 

H. V. G. 
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liperiilMiiiil Bmfcifoloff. By Thomas Hunt Morgan. [Fp. xi -f 766, 
with a coloured frontiipiece and 263 text-figures]. (Columbia 
University Press, 1927. In England Mr. Milford. Price 375. 6 d, net.) 
Prof. T. H. Morgan is so well known as to need no introduction, and the 
high level of his previous work is fully maintained in the present volume. 
In the past his writings have not formed light or easy reading, but have 
been noted for the information and ideas they have contained and the same 
is true of the book here considered. While of late Prof. Morgan's name has 
been more associated with work in genetics that has made Drosophila a 
household word to all biologists, yet it is obvious that he has kept closely 
in touch with the developments in experimental embryology that have taken 
place since his The Development of the Frog's Egg in 1897. which by the way 
was the first of its kind in the English language. 

The aim and contents of the 25 chapters of the book are best indicated 
by the author's own words : In the present volume many of the problems 
are concerned with the first changes and movements in the cytoplasm prior 
to its cleavage and with the movements of groups of cells following cleavage— 
in a word, with the so-called formative changes in the egg and with their 
initiation. These various topics are dealt with from the more or less 
morphological point of view, although from a variety of angles. Prof. Morgan 
adds, however: " It is my intention to consider the more obvious physiological 
changes in another volume, where such topics will be discussed as growth, 
reflex actions and tropistic movements of larvae, sex-determination, embryonic 
grafting, the influence of the environment on the development of the embryo, 
the source of the energy of development, etc. The incompleteness of some 
of the topics in the present volume will then be supplemented, and a more 
rounded treatment of the present condition of experimental embryology 
will be attempted. 

The book is furnished with a very good index and a bibliography. This 
latter is quite extensive and consists of loi pages of references arranged under 
chapter headings, so that it gives ready access to a very extensive literature 
of which the text itself is largely a detailed and critical study. 

It is refreshing, in view of &e somewhat arrogant claims often made by 
experimental workers, to read the waminj^ given by one who is not out of 
sympathy with the work but who may' with justice be consider^ a master. 
Of the complex terminology which is often employed as if it explained 
phenomena ho 8a3rs that frequently " In reality, some obscure event has 
only been given a name that conveys no more meaning than the event 
itself. Of the procedure adopted he remarks: "... many of the ' experi¬ 
ments ' do little more than describe what happens to the developing egg or 
embryo under a yariety of new conditions imposed by the investigator, 
in the hope they will do something that may throw light on some of their 
properties not revealed under the conditions in which they * normally 
develop." 

Within the limits of a short review it is not possible to do justice to such 
an excellent and all-embracing work. Perhaps it would not be unfair to 
say that the author views the changes constituting development as due to 
the interaction of three sets of forces: (i) external environment either of the 
organism as a whole or of a cell or a cell group, (2) internal environment or 
chuges within the cytoplasm itself, and (3) the nuclear domination of the 
cytoplasm. Of these the last is the most important. In answer to toose 
who claim an all-important r6le for the cytoplasmic activities in determining 
the main outlines, foaving the chromosomes to decide what may be cal^ 
the trivial characters, he would probably be closely in agreement with 
Wilson, who says, "... the cytoplasmic organisation of the egg is itself 
the product of an antecedent process of epigenetic development in the ^urse 
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of which, as wa have every reason to believe, the chromosomes have played 
thetr part—^tbns the chromosomes are as much concerned in the detomina* 
tion of the so-called preformed or c3rtoplasmic characters as in any others/* 
This book is outstanding and invaluable to any student of modem bi(dogy« 
and many will have cause to thank the author for his assistance in |(ukling 
them through a difEuse and extensive literature as well as for his illuminating 
suggestions. It is well printed and free from obvious errors and slips. 

C. H. O'D, 


Bibliography of Sponges, 1551-1918* By the late C. G. J. Vosmakr. Edited 
by G. P. Bidder and C. S. Vosmaer-Roell. [Pp. xii + a34.] (Cam¬ 
bridge : At the University Press, 1928. Price 155. net.) 

All workers on sponges will be grateful for the very efficient Bibliography 
now published. Gualtherus Carel Jacob Vosmaer was professor in soology 
in the University of Leiden from 1903 to the time of his death in 1916. At 
the beginning of his career he studied sponges with F. E. Schulze, and was 
faithful to them all his life, giving to the world perhaps the most lasting and 
important work ever published on these simple organisms. Zoologists owe 
much to the author of the dissertation on Leucandra aspera, the Sponges in 
Bronn*s Klassen und Ordnung, the monograph on Spirastrella, and many 
other works. They look forward to his forthcoming monograph of Naples 
Sponges in the Fauna and Flora series, on which he was working to the end 
of his life, and which had taken thirty-four years to finish. 

The present Bibliography was begun in 1880, and, edited by Dr. Bidder, 
with the help of Madame Vosmaer-Roell, and at his suggestion, is now pub¬ 
lished independently of the Monograph. The editing itself is exceedin|;ly 
laborious, necessitating reference to many almost inaccessible works datmg 
from as early as 1551; but it has been very carefully carried out, and the 
spongologist now has before him a bibliography of literature on his own 
subject which has been revised by experts, and which is of the greatest possible 
use to all those engaged in the study of these most interesting creatures. 

M. V. Lebour. 

The Bads ol Sentatioii. The Action ol the Sense Organs* By E. D. Adrxak, 

M.D., F.R.C.P,, F.R.S. [Pp. 122, with 31 text-figures.] (London: 
Christophers, 1928. Price 75. 6 d. net.) 

The first and last words in the present volume may well be repeated, for they 
constitute its challenge and its justification. The first are: '* The basis of 
sensation may well seem an ambitious title to a book. ... I do not feel that 
its title needs an apology.'* The last are: '* It does not bridge the gap between 
stimulus and sensation, but at least it shows that the gap u a litw narrower 
than it was before." Anyone reading it will admit that the last claim is 
fully justified, for it does undoubtedly mark a very distinct advance in our 
understanding of the function of the sensory nerves. 

Much work has been done on the activity of the motor nerves as revealed 
by a study of their end results, contraction in a muscle, etc., and Sherrington 
and his school have gone furth^ and brought into the picture the contribution 
of the central nervous system to the correlation of such results. Contem¬ 
poraneously there has Mn a considerable amount of investigatian of the 
electrical disturbances that accompany the transmission of impulses along 
the motor nerves. These disturbances have been termed action currents. 

The first method of attack, i.e. by the study of the end resulti, to not 
possible at present, because no methoa of measuring sensation has yet been 
devised. Ine second method also had to await refinement itk technique. 
This has now been provided by the utihsation of the amplification obtained 
from three electrode valves, a special capillary galvanometer, and a photo* 
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graphic film record. In the present work the amplification employed is 
X,700-1,800. Another advance in technique is along morphological lines, and 
it was Ibund possible to utilise a strip of the stemo-cutaneous muscle of the 
frog served by a single sensory nerve fibre. This was of great use in analysing 
the results obtained in more complex nerves. 

The results of the investigations may be summarised, but without full 
justice being done them, by saying that the functional activity of the sensory 
is similar to that of the motor nerves: a noteworthy fact. Also it is 
suggested that the sensation is proportional to the impulse discharge in the 
sensory nerve, which is determined by the excitatory process in the receptor 
mechanism. 

The book is well and clearly written. Its argument is developed in a 
logical manner that is easy to follow, partly because, unlike many books of 
like nature, it is not loaded up with innumerable references to all the papers 
remotely connected with the subject, a procedure that only too often serves 
to confuse a reader not actually engaged in a similar line of work. 

C. H. O’D. 

Bvbhition and the Spirit of Han. By J. Parton Milum, B.Sc., Ph.D. 

[Pp. 228.] (London : The Epworth Press, 1928. Price ys. 6d. net.) 
This book strikes the reviewer as decidedly good of its kind and for its size. 
Its aim'is not to discuss scientific problems, but to investigate the significance 
of present tendencies in scientific thought for metaphysical problems. The 
author states: “ The object of our study is the significance of the evolu¬ 
tionary world-view for man himself." His endeavour is "to re-read the 
facts of scientific research in the spheres of biology, geology, anthropology, 
and psychology." That is to say, his book is solely concerned with inter¬ 
pretation, whereas the primary attitude of the man of science is that of the 
investigator. The difference between these two attitudes is not always 
clearly appreciated. The chief criterion of the value of a theory for the 
investigator is heuristic success. But heuristic success is no guarantee of 
truth. Accordingly this criterion is not sufficient for the interpreter whose 
primary concern is with the truth of theories. 

In the Introduction the author attempts to rebut the scepticism regarding 
the unity and order of the world which has sprung from the tendency towards 
subjectivism which had its origin in Descartes. The treatment is too short 
to shake the sceptic’s " faith " in his own scepticism, but on this point the 
average scientific reader will probably share the convictions of the author, 
howevermuchhe maydifferfrom the latter's interpretation of the nature of that 
world-order. But there are one or two passages here which deserve the most 
careful consideration, even from the scientific standpoint. For example, on 
p. 2X is written : " Science speaks to us of unalterable, unchanging laws, and 
then goes on to speak of an unceasing change called evolution. How can 
Uniform laws and forces produce continuously new developments ? " And 
on p. 29 : " The dilemma of modem science is this : it is bound to take the 
* disinterested ' view of nature—it must disregard anything of the nature of 
purposes or values; only so can it impartially deal with things. On the 
other hand, in venturing to teach evolution, it has thereby avowed as master 
principle a conception in defiance of its own canons. ... If science had 
stayed content by the doctrine that * all things change,* it would have been 
consistent. But the concept of evolution is inseparable from progressive 
accumulation and 83mthesi8 and the notion of * higher' and * lower'; in 
short, in passing from the idea of mere ' change * to evolution the rubicon is 
exossed Irom the world of fact to the world of values." 

The author begins, as everyone (scientific or otherwise) begins who 
attempts to construct a comprehensive world-view, with certain basal assumn* 
tiCKiis. Such assumptions or beliefs fall into two kinds: they are either 
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Optimistic or pessimistic. For some reason or other it is commonly believed 
that only fundamental assumptions of the pessimistic varie^ tough- 
minded " as William James c^led them) can be called scientiiic. possibly 
because they are the most successful for heuristic purposes. But from the 
point of view of truth there does not seem any good reason for believing that 
one type is antecedently more probable than another. The author of this 
book states his basal belief to be “ that personality has value for the universe.** 
He then tries to show that there is nothing to contradict this belief in the 
present state of natural scientific knowledge, but on the contrary he thinks 
he can find something to strengthen it. Chapters I, II and III, dealing with 
biological topics, appear to the reviewer to be better than the psychological 
Chapter IV. In the remaining three chapters there is much that is of 
interest and deserving of impartial consideration. And whatever view the 
reader may take of this author's opinions, he can hardly fail to acknowledge 
his sincerity, fairness, and breadth of view. 

J. H. W. 

The Frog: An Introduction to Anatomy, Histology, and Embryology. Twelfth 
Edition* By the late E. Milnes Marshall, M.D., D.Sc., M.A., 
F.R.S.. edited by H. G. Newth, M.Sc. [Pp, x + 182, with ao illus¬ 
trations.] (London : Macmillan A Co., Ltd., 1928. Ftice 6s.) 

This new edition has been little altered since the eleventh edition appeared 
in 1912 under the editorship of the late Prof. F. W. Gamble, F.R.S. It has, 
however, been brought up to date and the sections dealing with microscopical 
technique, the germ-cells, and the early stages of development have been 
modified. The size of the book and general style remain unaltered. There 
are no changes in the illustrations, except that two have been removed and 
have not been rejplaced. The small amount of revision necessary after 
sixteen years is, in itself, ample proof of the excellence of the book. 

F. W. R. B. 


The Bidogy of Spideri. By Theodors H. Savory, M.A. [Pp, xxx -f 376, 
with 16 plates and 121 text-figures.] (London : Sidgwick and Jack- 
son, 1928. Price i6s, net.) 

This is another volume in the interesting and useful series of biological 
handbooks published under the general editorship of Prof. J. A. Thomson, 
and it fully maintains the high level set by its predecessors. The first four 
chapters treat of the characters of the Arachnids and the structure of spiders. 
This is done in a very straightforward and easily comprehensible way. At 
the same time it is not in the least childish and the author introduces and 
uses technical terms in a very satisfactory manner. As the book is not a 
morphological treatise these chapters are not exhaustive, but they provide 
sufficient anatomical information to furnish a sound basis for the discussion 
of the various organs of the animal as a whole, and of the characters used in 
classification. Chapter xii deals with the development, chapter xiii with 
the fossil history, and chapter xv with the general evolution and clasdfication 
of spiders. The sixteenth chapter gives a brief survey of other grouw of tht 
Arachnids. The remainder and l^er part of the book is devotea to tbs 
maw different biological activities of these fascinating creatures. 

illustrations are good; the j^lates are well chosen and reproduoed, and 
while many of the text-figures are simple they are quite adequate to elucidate 
the TOints for which they are used. 

The question of nomenclature ts at best a vexed one, and as well left alone 
unless a muddle is straightened out or some solution of a difficulty suggested. 
In a book of this sort a slip in nomenclature could well be overlbokedTtmt cm 
pp. i and 9 the author takes up the question of the genwric name Aramsusl 
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Ht there brings forward certain irrelevant data and treats the whole issue as 
il it were d matter of personal preference, much as was done in the Cambridge 
Naiwai History, which he appears to have followed, paying no attention to 
tbe> international code. He states that Linne uses Araneus for all spiders, 
whereas in the zoth edition of Systema Natures, which in this case is the only 
one Uiat matters, we find on p. 619 the genus termed Aranea and the first 
and therefore, unless for some reason it be unavailable, the t3rpe species is 
given as A. diadema. The name of the genus is therefore well established, 
and by derivation the family is the Araneida. In the index the correct 
trivial name diadema is used, but throughout the text it is given as diademata. 

On p. 180 the author deals with longevity, and, after pointing out that most 

S liders live only one season, states that five years is probably ** the limit for 
1 those spiders that survive more than a single season/' However, Baerg 
has shown very recently that the male Eurypelma calif arnica does not become 
mature until ^e tenth or eleventh year. 

The book is furnished with a useful bibliography arranged under subjects, 
but it is a pity that it does not give references to McCook's volumes on the 
spinning work of American spiders nor to the recent papers on spermatogenesis 
by Warren. 

For some reason spiders are somewhat neglected both by professional 
and amateur naturalists, but, as the present book clearly shows, they are an 
extremely interesting group. We hope that the author will have the gratifica¬ 
tion of seeing his work help to rectify this neglect, and a better introduction to 
their study would be hard to find. Zoologist and naturalist alike will have 
cause to thank the author for providing a very sound, useful, and well-written 


account of the biology of spiders. 


C. H. O'D. 


Ufa in Inland Waters. By Katrlbsn £. Carpenter. Textbooks of 
Animal Biology. Edited by Julian S. Huxley. [Pp. xviii -f 267, 
with 12 plates and 97 fibres.] (London: Sidgwick & Jackson, 
1928. Price 125 . net.) 

This series of textbooks provides introductions to different branches of 
biological science, which are intended to be of direct use to the undergraduate 
student, but in reality, besides fulfilling this purpose most effectively, cover 
a much wider range. They bring together the important matter of each 
subject dealt with in such a way that the specialist as well as the amateur 
may , read or refer to them with equal benefit. The present volume will be 
much used by all interested in freshwater biology. Dr. Carpenter has 
succeeded admirably in her task and has produced a most attractive account 
of the life in inland waters and the modem methods employed in its 
investigation. It is a book written by a naturalist who knows her subject 
by constant personaLwork in collecting and experimenting and whose levs 
ias it permeates every chapter. 

The present-day naturalist wishes to inves^ate the physical and chemical 
characters of the fresh waters and the adaptations of the organisms contained 
thsrein to their environment, making a biological whole of the study of life 
in pond, lake, or stream. Here he is shown how to do this, and he is also 
shown most of the animals and plants which he may expect to find, with 
dear illustrations of these. 

The book is well planned. Chapter I deals with a general survey of 
freshwater life and its probable origin, with a discussion on the phyriology 
of adaptation to the change of memum. Later the activities of the fauna 
are described, nutrition and respiration; and interrelations between the 
organinns. Later some chapters on the relations of the fauna and flora to 
the chemical and J^bysical properties of the medium, reproduction and life- 
hiatories» diipersal and migration. These subjects occupy about half the 
bobl; the other half containing descriptions of the life in various lands of 
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fresh waters—^mnning stxeams* rivers, lakes, estuaries^ pends, marshes, sub* 
terranean waters and springs, and finally organically polluted watem. At 
the end of each chapter 1$ a good and up-to*date bibliography. This book 
can be recommend^ confidently to all freshwater biologists, who wiU find 
in it much that is new and a great deal that is not usually found in the 
literature relating to freshwater life. 1^^ V. Lebour. 

Bamades in Hatare and in Myth* By Edward Hkron-A^en, F.R.S., 
[Pp. XV + i8o, with 53 figures.] (London: Oxford University Press, 
1928. Price 135. net.) 

This barnacle epic is a scholarly and most entertaining piece of work. Origi¬ 
nally a discourse delivered before the ** Sette of Odd Volumes/* it expanded 
to such an extent on being written, by reason of the enormous amount of 
research into ancient literature which was necessary for references, that it 
resulted in a valuable treatise on this small crustacean around which supersti¬ 
tion has revolved since the earliest times. 

It was said, and for ages was believed, that the Barnacle Goose was not 
hatched, as is an ordinary bird, from an egg, but that it was developed 
inside the shells of little sea animals found in dating wood or from the leaves 
of certain trees, which, falling into the sea, swim away as birds. The 
Barnacle was the goose from which the crustacean was named on account 
of this legend. So much faith was placed in that story that special dispensa¬ 
tion was given to eat the Barnacle Goose in Lent and on fast days as, 
because of its origin, it was neither flesh nor fowl. 

The author begins by giving a clear account of our two common barnacles, 
the Rock Barnacle and the Goose Barnacle, and their life histories as they 
are known at the present day. It is the latter animal, also known as the 
Ship*s Barnacle, wmch is the subject of the ** Myth.** The flexible stalk by 
which it attaches itself to wood was supposed to 1^ the neck of the developing 
bird; the cirri which sweep in food were regarded as feathers. 

Most of the book is given up to a complete history of this ** Myth,'* 
beginning with Neckam and Giraldus Cambrensis about the tenth or eleventh 
century, and only ending about the seventeenth or beginning of the eighteenth, 
when clear thinkers and observers were actually proving the falseness of the 
legends. The tracing of the Myth ** through these labyrinths is exceedingly 
interesting and much involved and the figures collected from the old authcHS 
form a wonderful gallery of illustration. 

The last chapter gives a full account of the Barnacle in relation to ancient 
art. Here it is shown that the ** Barnacle Myth ** served as a subject for 
decoration at least as early as the Octopus theme. 

Zoology, archaeology, and classical literature all have a share in this very 
attractive book. Lebour. 


The Blasmobranoh Fishes. By J. Frank Daniel. Second Edition, 1928. 
[Pp. xi -f 332, with 270 figures.] (Berkeley, California: University 
of California I^ess; Cambridge: at the University Press, 1928. Prioe 
27s. 6 d. net.) 

The first edition of TAs Elasmobranch Fishes was published in 1922, end 
now only six years later comes another edition: the very best proof that 
such a book is wanted and used. This has the exact appearance and eke 
of the former volume, but thm:e are certain alterations and additions which 
are undoubtedly improvements. It is a work of very real value and of the 
greatest possible use to both student and teacher, whether beginner or expert, 
embracing as it does a thorough introduction to the anatomy of cartUaginons 
fishes in general and a detailed account of one. This one is Hepiamhus 
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macukUus, To this detailed account has been added still more, especially 
with regard to the blood system, and several more illustrations have been 
included. The most important of these additions is an account of A. B. 
Key's recent work on the h3rpobranchial arteries and their derivatives in 
Hexanthus corinus, with three plates. This adds to and supplements the 
researches of Professor Daniel himself, and, as he states, makes it more 
certain that the blood supply to the pectoral area in primitive vertebrates 
was from the h3rpobranclual system rather than from the dorsal aorta (the 
sub-clavians), as is true for higher vertebrates." 

Amongst other alterations which are all to the good are the abandonment 
of the term " nephridia " for the kidney tubules, and the enlargement of 
some of the figures, wliich, clear as they were previously, are now even 
clearer. The b^k is handsomely got up and beautifully illustrated through¬ 
out, the diagrams and drawings, especially those of the blood systems, bemg 
models of what anatomical drawings should be. 

Wo only regret that there is not more about the life-histories of these 
most interesting fishes, the few notes about eggs and young being hurried 
into two or three pages at the end of the volume. jyj y Lebour. 

The Natural History of Wicken Pen. Edited by Prof. J. Stanley Gardiner. 
F.R.S. Part IV. [Pp. 117, with 3 text-figs, and 3 plates.] (Cam¬ 
bridge : Bowes & Bowes, 1928. Price 6s. net.) 

This part contains an interesting account by Prof. Gardiner of Wicken Fen 
as it is to-day and as it has been in the past. The importance of the 600 
acres of fen land held by the " National Trust for Places of Historic Interest 
or of Natural Beauty " is dealt with in some detail. More than half of this 
area has not only never l)een cultivated, but has never been deliberately 
drained. It is, therefore, “ a real bit of the old Fenland " with its rich and 
characteristic fauna and flora, which arc rapidly dying out in other places 
with the improvements in drainage and reclaiming of the fens. We learn 
that the fauna and flora of this area arc not strictly natural, but the result of 
a primitive t)rpe of cultivation applied for many hundreds of years, the 
cutting of the s^gc for house-thatching every fourth year. Now tlie demand 
for cut sedge has vanished, but the cutting must be continued if the fauna 
and flora are to be maintained. If left alone, most of Wicken Fen has been 
proved to become bush or else reed-swamp, with a consequent reduction of 
the number of species of plants to about one-third and of animals from 6,000 
species to less than 2,000. The task of maintaining the 600 acres of fen in 
their original condition and of preserving them is therefore not light. 

The present part Qontains eleven other papers on special groups of animals 
and plants inhabiting the fen. These contain much new material of general 
interest, those on the Coleoptcra by J. Omer Cooper, M, G. L. Perkins, and 
C. £. Tottenham, and on the Copep^a by A. G. Lowndes being of special 
interest. F. W. R. B. 

Biology ol Um VertobratM: A Comparative Stody o! Man and bis Animal 
Allies. By Herbert Eugene Walter. [ 1 ^. xxv -f 788, with 687 
^ figs.] (New York; The Macmillan Company, 1928. Mce 2 is. net.) 

This textbook contain^ a large amount of useful matter concerning the 
comjparative anatomy, physiology, embryology, etc., of the Vertebrates. It 
is distinctly useful as such, and contains many excellent figures. We think 
that too much epaoe has accorded to the general principles of animal 
biology and to the elementary principles of zoology. General zoology must 
be taught in connexion with invertebrate as well as vertebrate anini^, and 
consequently it should be confined to books dealing with both. Textbooks, 
such as the present one, dealing with a single phylum, should be based on 
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the assumption that the readers are acquainted with elementary general 
zoology. This criticism is directed chiefly against tlxe first part of the booki 
which furnishes an introduction to the other two. The second part deals 
with the Mechanism of Metabolism and Reproduction, and the third part 
with the Mechanism of Motion and Sensation. These sections are good and 
compensate for the deficiencies of the first. The figures are numerous, and, 
on the whole, good, especially those dealing with skeletal structures. Two 
or three, such as Fig. 120, p. 166, and Fig. 485, p. 542, are grotesque and 
partake of the characteristics of problem pictures. 

F. W. R. B. 


Fundamimtals ol Biology. By Arthur W. Haupt, Ph.D. [Pp. xii + 358, 
with 256 figures.] (London: McGraw-Hill Publishing Co., 1928. 
Price 15s.) 

This book aims at presenting the principles of General Biology in an elemen¬ 
tary form, suitable for those who have had no previous biological training. 
Tho^ aspects of life which are common to both plants and animals are 
specially emphasised, and detailed descriptions of the structure of types 
are reduced as much as possible. The treatment of the material is clear and 
the book is well balanced. The printing and binding are distinctly attractive, 
and all the 256 figures are excellent. The book is one of the best of its 
kind, and is suitable for use in schools, or for a set course for entrance prizes 
and scholarships to Universities. It is one that can be recommended to the 
layman who wishes to become acquainted with the outlines of biological 
theory without having to labour tlirough detailed descriptions of a large 
number of representative forms of animals and plants. 

F. W. R. B. 


KSDXCZVS 

Une Grande Page de THistoire de la HMecine: La Dteonverte de la Trane* 
miaiion du Paludisme par less Monstiques. Par Sir Ronald Ross, 
K.C.B,, K.C.M.G., F.R.S. Preface et Traduction de Tanglais par le 
Dr. Charles Broquet, (Pp. 174, with 8 plates and 7 figures.) Paris: 
Norbert Maloine, 1929. Price 20 fcs.) 

This book is a French translation of Sir Ronald Ross's Nobel Lecture 
originally delivered in Stockholm in 1902, printed by the Nobel Committee 
in 1905, and reproduced in the Journal Royal Army Medical Corps, April, 
May, and June 195. It has already been translated into German by C. 
Schilling (G. Fischer, Jena 1905) and into Italian by F. Maiocco (Lib. Editrice 
Universitaria, Torino, 1905). The French translation now given is very ably 
done ; and the Preface especially is perhaps the best account of Sir Ronald 
R^s's work ever published, and is particularly free from the numerous 
misstatements which have appeared about that work in England, Italy, and 
elsewhere. The Preface concludes with the following words : 

La splendide d^couverte de Sir Ronald Ross rcstera dans la m^oire 
d^ hommes com me le plus bel exemple de ce que peut cr^r rintelligence 
aid^e de la volont^, de la perseverance et du labeur, ces trois constituants 
etemels, du gdnie. Mais I'oeuvre de Sir Ronald est loin d'etre achevee. En 
1923, pour lui permettre de la poursuivre, la reconnaissance publique^ 
repondant a Tappel de noms eminents, a eieve par souscription k 
Heath k Londres et a remis aux mains du grand pionnier un Institut de 
recherches et un Hdpital de maladies tropicales. Dans ces tnaisoni de la 
science les travailleurs viendront devoiler les probldmes qui restent encore k 
resoudre pour que les terres coloniales, debarrassees enfin du paludisme et des 
grandes maladies qui les devastent, ne soient plus pour le blanc un objet de 
crainte et pour Tindigdue une source de mis^re et d'mfortune. La ptesence 
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son Altesse Royale le Prince de Galles k Tinauguration de I'lnstitut 6tait 
le plus bel hommage quo le Gouvernment britannique pouvait rendre h cette 
fondation humanitaire et k son chef. I-e Ross Institute sera dans la capitale 
de TEmpire le t^moignage de la gratitude publique a regard du maltre 
anglais pendant qu*il est encore vivant, et restera aprds sa mort un souvenir 
durable de Tun des plus illustrea bienfaiteurs de rhuinanit6,** 

History of the Physiological Society during its First Fifty Years* 1876 - 1926 . 

By Sir Edward Sharpey-Schafer, F.R.S. [Pp. 198.] (London: 
Cinbridge University Press, 1927. Price 15s. net.) 

This history of the Society by one of its original members, who happily is still 
one of its most active and v^uable members, was compiled to celebrate the 
Jubilee of its foundation. The Society was founded at a meeting held on 
March 31st, 1876, at Dr. Lauder Brunton's houses He himself was in the 
Chair and the other members present, formed a group of men either already 
famous or destined to become so, amongst whom were Darwin, Huxley, 
Galton, Geo. H. Lewis, Michael Foster, Shafer, and many others. Indeed 
in those early days it would app>caT that to have been elected to the 
Physiological Society was a sure and certain indication of future fame. The 
brilliant work of the biologists of those days attracted to that branch of 
scientitic work many of the younger generation, just as now the great 
advances made in the physical sciences are making them powerful rivals in 
that respect to the biological studies. 

The actual inaugural meeting was celebrated by a dinner at the Criterion 
Restaurant, Regent (now Piccadilly) Circus. This custom of dining at the 
meetings h^ prevailed to the present day, since the meetings at which the 
formal business of the Society is done are still the dinner meetings, though 
now between these a number of laboratory meetings are arranged. Follow¬ 
ing the early precedent, the meetings have remained very informal; tliere is 
no regular ^airman, each meeting being presided over by the head of the 
laboratory in which the meeting takes place. This has undoubtedly helped to 
preserve in the meetings of the Society the tradition of its early days of a 
group of friends coming together for the discussion of matters which concern 
them as physiologists. Prof. Schafer has brought the history right down to the 
present day and made of it a story intensely interesting to physiologists and 
other biologists, and with a great appeal to all who are proud of the leading 
position which this country has been able to take in the advances of physiology, 
in the making of which the Society has played a great and living part. 

W. C. CULLIS. 

The Ftemire Pulses in the Cardiovascular System. Monographs on Physio¬ 
logy. By Ca^ J. Wiggers, M.D. [Pp. xi + 200, with diagrams 
and illustrations.] (London, New York, Toronto; Longmans, Green 
and Co., 1928, Price 14s. net.) 

In a preface, the new editors. Profs. Lovatt Evans and A. V. Hill, pay a 
tribute to the wisdom of Prof. Starling, who promoted and for eleven years 
edited these Monographs on Ph)r8iology. Recognising that the advances in a 
given sdenoe axe not likely to place equally at all points, but now at one 
pomt and now at another, he aimed at presenting in the Monographs in a 
compact and stimulating form the progress of physiology in those chapters 
in which the forward movement had been most pronounced. Each mono* 

S b is written by a leadmg investigator in the selected held, and for the 
or of the present volume certainly no better choice could have been made 
than that of Prof, Wiggers. For many years he and his colleagues in the 
School of Medicine of Western Reserve, Cleveland, Ohio, have been working 
in the field of cardiodynamica, and Prof. Wiggers is himself responsible for 
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much of the best of the apparatus now used in the inveetigation of these 
difficult problems. The interpretation of tracings obtained by such instru¬ 
ments has always been a difficulty, as witness the classic controversy as to 
the sequence of the events in the ventricular contraction as deduced from 
different curves. One of the greatest assets of this present work is the reliance 
that the reader comes to place on the interpretations of the author, having 
regard to his wide experience, and to the exceedingly careful and scrupulously 
fair-minded manner in which his own work and that of other investigators in 
the field are criticised. 

The early chapters, which will be of great assistance to those specialising 
in this subject, are devoted to a discussion of technique both from the practical 
and theoretical aspects. Tlien come chapters which will be of greater 
interest to the non-specialist, and which deal with the pulse prossures in the 
cavities of the heart, and give accounts of the form and significance of the 
arterial pulse and of the venous pulse. In the later chapters there are fruitful 
discussions on the response of the heart to the physiological variables in¬ 
creased venous return and aortic resistance, on the intimate character of the 
ventricular contraction, and on the pressure pulses in certain abnormal types 
of ventricular contraction. Finally, there are some very suggestive pages on 
the Refractory Phase in cardiac muscle, which are of great interest when 
considered in the light of the recent work upon skeletal muscle. The book 
includes an excellent Bibliography. Altogether a very good example of what 
can be achieved in such a monograph. It would bo well to include some¬ 
where in the book a list of the other volumes in the series. 

W. C. Cuixis. 

Catalogne ol Manuscripts in the Library of the Royal College of Surgeons of 
England* By Victor G, Plarr, M.A., Librarian to the College, 
(Pp. 76.) 1928. 

This catalogue gives information, hitlierto not available in print, of the 
great treasures in manuscript possessed by the Royal College of Surgeons, 
It includes all the manuscripts except those dealing with John Hunter, of 
which a list was published in 1891. It is, however, in part a supplement to 
this last-mentioned volume, since it contains various records of Hunter 
acquired since 1891. Such are the highly important ** Hunter-Baillie 
Collection," of which descriptions appeared in 1926 in the British Medical 
Journal and elsewhere. Such also are the writings of William Clift, secretary 
to Hunter, who copied many of his papers which would otherwise have been 
lost, and who later became Conservator of the College Museum, 

The catalogue also contains many* interesting manuscripts of Sir Astley 
Cooper, W. H. Flower, Sir Everard Home, William Hunter, Edward Jenner, 
Lister, Sir Richard Owen (who was son-in-law to Clift), Sir James Paget, 
Quekett, and Sir John Simon, the hygienist. 

Other interesting items are a fifteenth-century manuscript of Archile do 
Verona. Barnard Davis's original manuscript of his collection of crania, 
Greenhill's Lexicon of Greek medical terms which has never been published 
and whose contents were not included in the new edition of Liddell and 
Scott, and five volumes of letters from Pasteur to Lister. 

The cataloguing ol manuscripts is far from a str^ghtforward undertaking* 
The author says " manuscripts have been in most cases catalogued under 
the names of their true originators," but it is seldom clear if the manuscript 
is original or not {e»g, is the undated Collegium Physiologias of Albinus m 
the handwriting of Albinus, or merely a copy ?). There is no apparent <mler 
in the entries under each author: they are neither alphabetical nor by dates. 
It is very difficult to trace anonymous items: e.g. " Account (Ibe) oi the 
dissection of the Body of the Honble. Mr. Howard," would, if wanted, 
probably be sought under " Howard,'^ but is under " Account/’ and with 
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no cxoss-reforence from Howard. Another criticism is that the notes are 
in the same type as the entries themselves, and the two are dif&cult to 
distinguish. 

The work is, however, a memorial of Mr. Plarr's industry in collecting 
unique material, often from outlying parts of the building, and recording its 
existence, thereby rendering it available to the research student of mescal 
and biological history. Wilfrid Bonskr. 

A Short History ol Medidne, By Charles Singer, M.A., M.D., etc. [Pp. 
xxiv+368, with 142 illustrations.] (Oxford : at the Clarendon Press, 
1928. Price 7^. 6 d. net.) 

The average medical student never reads about the history of his subject, 
chiefly because he is not interested in it, but partly because until recent 
years there were no short and readable histories of medicine in the English 
language. This is a most unsatisfactory state of aflairs; because the student 
learns nothing about the origin of the ideas he uses, he is apt to suppose that 
the present state of knowledge represents the very last word on everything, 
and may pass through his entire career without departing from this naive 
attitude. But these defects are easily removed by a little historical know¬ 
ledge. Perhaps the greatest service the history of science can do is in pointing 
out the dangers of intellectual complacency and of supposing that the present 
state of knowledge is in any way exhaustive. 

Dr. Singer's book is a welcome addition to the small number of short 
histories of medicine at present available. But it is not only addressed to 
the medical student. Dr. Singer is of opinion that all educated men and 
women should have some knowledge of medical science and that liistory is 
a good way of conveying such toowledge. The book covers the whole 
field, from the Greeks to quite recent times, in a very comprehensive way 
considering its small compass. Every branch of the subject, not excluding 
nutsing, receives attention, and modem developments of bacteriology, 
including epidemiology, are treated in considerable detail. Elementary 
histories of science are apt to degenerate into anecdotal biography and 
sentimental hero-worship, but Dr. Singer successfully avoids this mistake, 
and saves his 8x>ace for the proper emphasis of all the more important 
things. 

Dr. Singer seems to express surprise that Aristotle should have attached 
BO little importance to the brain. But it scorns plain that this was simply 
because Ax^totle persisted in the (to us) extraordinary notion that the 
noblest" parts must be placed in tlie centre of the body. There are also 
one or two statements which appear to be rather misleading in view of the 
type of reader to whom the book is addressed. On p. 32 it is stated that 
very recent embryological research goes some way to confirm " Aristotle’s 
view of ” the ' accidental * character of the material contribution of the 
male ” in sexual reproduction. If by this it is intended to suggest that the 
experiments of Loeb and others on artificial parthenogenesis, and the inter¬ 
pretations put upon them, represent a return to the Aristotelian view of 
reproducrion, then this suggestion as it stands is misleading since the re¬ 
semblance is rather superficial. Also the statement that Aristotle's view 
of the soul as " that which gives form," that this activity of the soul" 
“ has an important place in modem biological theory," and that ^e latter 
has ** swung definitely in the direction of the Aristotelian position "—all 
this seems rather too optimistic from Dr. Singer's point of view. It is true 
that there is in progress a reveflt against the simple-minded cocksureness of 
the last century, but it by no means follows from this that the only alternative 
is a return to Aristotle. In fact, it m^ht be said that the present century, 
in successfully overcomitig the limitations of the Aristotelian logic, has cast 
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off the last ahxed of that great thinker's influence which survived the Renais¬ 
sance. We have to look forward, not back. 

On p. 202 it is stated that the working h3rpothe8i8 of sanitarians of 
the first half of the nineteenth century was " that filth and ill-drainage were 
direct factors in the production of epidemic disease." It is added that 
" The view is now untenable." What is meant is, presumably, that further 
analysis has led to the substitution of the precise notion of the pathogenic 
organism for the vague term " filth." But as a useful empirical generalisa¬ 
tion it still remains true that filth and ill-drainage are direct factors in the 
production of epidemic disease, since where such conditions prevail epidemic 
disease also prevails. Consequently the statement that such a view is no 
longer tenable may possibly convey an erroneous impression to the lay 
reader. 

Dr. Singer does well to mention the importance of contemporary " philo¬ 
sophical atmosphere " in relation to the development of science, but he 
makes the mistake common to histories of science in over-emphasising 
observation and experiment at the expense of tliought. On p. 103 it is 
said that " The acceptance of Observation and Experiment as the only 
method of eliciting the Laws of Nature reaches an ever-widening circle.^" 
But if the reader is led to suppose that Galileo founded the science of mechanics 
by observation and experiment—^by simply dropping cannon-balls from the 
campanile at Pisa—he will carry away a very erroneous impression. It was 
primarily by thinking that Galileo reached the concept of acceleration upon 
which the revolution in physics depended. He thought out many difierent 
alternative mathematical laws and then proceeded to test them. So much 
was this the case that even his AiistotcliaLn critics accused him of devoting 
more years to philosophy than months to physics. Now in the biological 
sciences observation and experiment have played a much larger part, and 
thought, of the revolutionary Galilean kind, a correspondingly smaller one, 
and this may bo responsible for the difficulties of biology to which Dr. Singer 
draws attention. 

Dr. Singer has provided his book with a good index, but unfortunately 
no bibliography. Apart from the above points Dr. Singer's book is a valu¬ 
able one which deserves to be read by all medical students and should 
appeal to a wide circle of non-medical readers. The illustrations are copious 
and very good, and the whole book has been beautifully produced by the 
Clarendon Press. 

J. H. W. 
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Race and OivilisatioiL By Friedrich Hertz, D.£c. Translated by A. S. 
Levetus and W. Entz. [Pp. xii -f 328.] (London: Kegan Pkid« 
Trench, Trubner ft Co., 1928. Price 185.) 

In this interesting work Dr. Hertz makes a powerful attack on those theories 
of racial origins which lead to the assertion of a natural right of one race 
to dominate others or to restrict by force their possibilities of existence. 
Such a theory was that worked out by H. S. Chamberlain, which sought to 
prove the racial superiority of the " Nordics " and which was therefore used 
by the Pan-German party as an important political weapon, and 1 ^. Hertz 
is no doubt justified in asserting that reasoning of this Mnd has become a 
great danger to the peace and civilisation of the world. 

In so far as it is possible to demolish such theories by argument from 
history without the aid of statistical and biometric data—^for such axe 
conspicuous by their absence from the book—^the author makes out a strong 
cw for his point of view, whidi may be briefly stated by two quotatioiis 
from the Psreface: " What history and ethnology seem to teach that 
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the {ondamental traits are the same in all races, and that the adaptability 
of individuals of one race to social and cultural conditions created by other 
races is not limited by inherited qualities. But probably there is at least 
a diversity of temperament between certain races, and even small difierences 
may sometimes have great consequences." . . • " Generally environment 
only offers certain opp^unities, and it depends on the historical level and 
the cultural individuality of a people how it is used, though, of course, 
opportunity may be a very strong factor." Dr. Hertz assembles a good 
de^ of evidence against the idea that north European peoples are pre¬ 
dominantly " Nordic " or " Aryan " in origin, and shows that the present 
population of Europe is the result of some thousand years of migrations 
and crossings of races. The roots of Roman civilisation, for example, which 
preserved Europe from becoming Hunnic or Mongolic, reach deeply down 
into the pre-Aryan cultures of the Mediterranean peoples and of the ancient 
Orient, nor were the cultural foundations of ancient Greece nor the Jewish 
contributions to moral culture of Aryan origin. 

Dr. Hertz also seeks throughout the book to demolish the belief that genetic 
intermixture of diverse races is generally productive of disastrous consequences 
or that it had anything to do with the fall of ancient civilisations. Thus he 
sums up his conclusions on these points as follows (p. 151): " The allegation 
that classic culture perished through racial deterioration contrasts dashingly 
with historic truths. . . . The vicissitudes of the classical world, on the 
contrary, are with absolute certainty to be traced to social processes, economic 
disarrangements more particularly, and to their effects on the military con¬ 
stitution." And again (p. 153): " All nations of any importance in history show 
a mixture of different races. As early as the dim past of history racial mixtures 
on an extensive scale must have taken place, as is proved by the fact that 
skulls of the most diverse racial types are found in the very same prehistoric 
graveffelds." . * . He supports Fischberg'a conclusion that there exists no 
such thing even as a homogeneous Jewish type and states, for example, that 
" the German Jews are much more like the other Germans than they are to 
their co-religionists in Palestine. The similarity appears in the head form, 
the proportions of the body, pigmentation, and facial traits." In support 
of this he states that the purely brunet type has been preserved by only 
about half the European Jews, whilst the " typical" Jewish nasal features 
only occur in about 14 per cent. 

In the chapter "On Racial Capacity for Progress," amongst other 
evidence of the same kind. Prof. Macdonald's investigations on the intelligence 
of American and negro boys in Washington are quoted as showing that 
under conditions favourable to full development of their mental capacities 
the negro boys seem to have been actually superior in their response to 
ceiiain intelligence tests, 47 per cent, of some 7,500 boys being classed as 
"bright" as compazed with 37*5 per cent, of some 22,000 American 
boys. 

In the closing chapter on " Psychology and Ethics of the Race Theories," 
Dr, Hertz attacks the methods of reasoning used by certain advocates of 
inherent racial inequalities in an outspoken and fearless manner. Thus 
(p. 311): " I do hot object to having descended from the ape, but in view 
of the moral and intellectual level of many race theorists, I should not exactly 
like to have descended from the same ape as they." 

Whilst feeling that, in his enthusiasm for levelling humanity, the author 
tends to go ratter too far and whilst there is much in the work with which 
we cannot agree, there is a great deal that is salutary and the book provides 
refrediing and profitable reading to anyone who is not inclined to require 
a statistical proof of aU Ibe statements it contains. The references at the 
dose of eadh chapter, though chiefly from German sources, are a useful aid 
to the reader and are amplified by notes. 
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(a) Tb§ iyiiiboUo Fvoom Md Hi hiUittMm In OUMmi. By Jobk P. 
Markby, Pb.D.» Research Professor of Sociology, Bn^iment Station, 
Connecticut Agricultural College. pPp. xii + X92.] (London : Kegan 
Paul, Trench, Trubner Sc Co., Ltd., 1928. Price tos, 6 d. net.) 

(&) Judgment and Reasoning in the OhilcL By JsAif Piaqbt, D.Sc., Director 
of the Institut Rousseau and Professor at the University of Geneva. 
Translated by Marjorie Warden. [Pp. viii + 257.] {Ibid,, 1928. 
Price los. 6 d, net.) 

Both volumes are in the Iniernational Library of Psychology, Philosophy, and 
Scientific Method. 

(а) The reader who is more interested in facts than theories should begin 
this book at Chapter IV. Like most of the following chapters, it summarises 
a number of experiments and observations concerned with the beginnings 
of children's speech. ** First words " are usually uttered before the first 
birthday, and the number used increases rapidly, so that the vocabulary 
for a normal child aged six may be 2.500 words as compared with 20,000 
for a college student. The considerable diderences found by various observers 
are supposed to be due mainly to the differing environment^ conditions. The 
** content of symbols " is next considered. The child is said to be far more 
interested in the use of things than in their appearance. An analysis of a 
large number of responses to certain nouns suggests that about 80 per cent, 
can be assigned to the ‘‘ obvious use and action *' category before six years 
of age, while the frequency declines rapidly to about 30 per cent, at age fifteen. 
The so-called refined action content " is meanwhile booming more evident. 
The correlation of these factors with age is found to be almost perfect for 
the data given. Since proper names have usually been neglect^ in com¬ 
piling children's vocabularies, an inquiry is made into the use of personal 
pronouns. Again the statistical data are almost too perfect. Eight graphs 
for individual children are given showing the number of new words acquired 
at different ages. Almost all the more salient peaks in the irregular curves 
are found to correspond with the times when the personal pronouns were 
first used. The order of appearance of these pronouns is normally first 
person, second person, third person, according to the records of several 
observers, while, in general, the singular form appears before the plurai. 
Ihe subject reference ” is used before the “ possessive reference." The 
question of the use that the child makes of the pronouns in his social life is 
&en considered. The average number of words spoken in a day by a normal 
child appears to be about 12,000. An artificial analysis into parts of speech 
provides questionable material which is treated by questionable stamtical 
methods, but there is a clear suggestion that the " self " pronouns are less 
used after three years of age. The decrease in their use is said to be negatively 
correlated with the number of words spoken per minute. Experiment 
involving a delayed reaction suggest that " the social-vocal behaviour situation 
apparently furnishes the requisite mec h a n is m s for true symbolic integration 
when associated with a sufficiently complex-behaviour system." The only 
empirical data considered are those which are presented in Chapters IV-VIlf. 
They are taken to indicate the important part played by social behaviour 
in " sjmibolic development." The first two and the last four chapters deal 
with more abstruse matters which are enlightened, in the author’s opinion, 
by the simple experiments he has described. 

(б) This book is also concerned with an analysis of children's speech : it 
is a sequel to Language and Thought of the Child, The method of approaiffi 
is somewhat different, however, since the author is more interestaa in the 
genesis of logical thought than in social bdbaviour, and his treatment is mors 
dialectical than statistical. The implications of a number of oric^hal <A>serva- 
tions and experiments axe discussed at considerable length. Tha clffldmi 



REVIEWS 


733 

were first given verbal tests such as incomplete sentences involving the use 
of the word because/' By considering a large enough populaticm, an 
attempt was made to determine the age at which the average child can 
reason well enough to use such conjunctions in the way adults do. Modified 
forms of some of the Binet-Simon tests were also applied to test the nascent 
ability to draw logical inferences. Another method used was the direct 
one of asking the child to explain why he had answered certain questions 
in a particular way. Simple arithmetical problems were found to be most 
satisfactory for this purpose. Numerous examples are given to show how 

thought becomes more and more conscious of itself/' An analysis of 
definitions given by children shows that in early years they ignore equally 
the adult need for considering either physical causality or logical neccsssity. 
The idea of utility is the first which app)eals to them in this connexion, as 
in answering the question, “ What is a mother ? " by ** For cooking the 
dinner/' From material of this kind the author arrives at certain conclusions 
regarding the nature of juvenile thought. These deductions are presented 
in the last chapter, and it is not possible to summarise them in a few lines. 

The essential conclusions of these two books are in accord. The thought 
of the young child is found to be almost entirely self-centred (" cgo-ccntric ") 
and it develops by becoming more and more capable of perceiving objective 
relations and the ideas and feelings of other people : the change is from 
the purely individual to the social point of view. Both researches are alike, 
too, in being .essentially concerned with the evidence of empirical data. 
The extent to which the methods used will prove fruitful would seem to 
depend on improvement in the technique of experimentation and observa¬ 
tion, rather than on further analysis of the material already available, or 
on the accumulation of exactly similar material. Psychology will gain 
when methods such as these can be made to depend less on personal bias of 
the observer and when they can lead to a more exact quantitative expression. 

Silviooltoral Systems. By R. S. Troup, D.Sc. (Oxon), F.R.S. [Pp. xii -f 
199, with 86 figures.] (Oxford : Clarendon I*ress. Price 21s. net.) 

Another contribution has been added to forestry literature in Prof. Troup's 
Silvicultural Systems, The book details at considerable length the systems 
which have been practised on the Continent for decades past, and it should 
be noted that each system as enumerated in this book is peculiar to certain 
districts, and they are not of general practicability. Few, if any of them, 
can be put in practice in English woodlands, as they one and all assume that 
the wo(^ands must be more or less in normal condition before the systems 
can be tried. The book is therefore of value more to students of forestry 
who are stud3dng for the future in different parts of the world where condi¬ 
tions are similar to those where the methods have been evolved. Apart 
from the fact that the area of woodlands in which any of the systems enume¬ 
rated, other than the uniform system, could be applied, the book is no loss 
interestiiig, as serving to show the systems which might ^ applied when we 
have woodlands of an extent and of a nature to make it possible. It will 
at the same time serve a>s a very useful guide for any travellers in continental 
forests, as it will enable them to interpret systems which would be otherwise 
difficult to understand. It should always be home in mind, however, that 
the information is gleaned from departments which have had woods for long 
under their control, and where the woods themselves have been subjected 
to an intensive form of management, perhaps under forest systems for a 
century past and more. 

As usual with the work of the Clarendon Press, the book is extremely 
well produced, and the photographs are highly instructive, 

W. Dawson. 
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Probability and tti Engiiiaeciiig Vm. by Thornton C. Fry, Ph.D. [Pp. 

476 + adv.] (London : Macmillan & Co., 1928. Price 305.) 

Dr. Fry's admirable book is, to quote from his preface, the outgrowth of 
a set of notes originally prepared for one of the ' Out-of-Hour Courses ' of 
the Bell Telephone Latoratories and subsequently revised for use in a course 
of lectures delivered at the Massachusetts Institute of Technology in its 
Department of Electrical Engineering." It is therefore not surprising, though 
it is regrettable, that the applications he makes of the theory are mostly to 
problems of telephony, especially those of the automatic exchange. 

The theories of probability and of statistics have of late years become of 
increasing importance and have invaded not only the sciences which at one 
time were thought too fluid for mathematical treatment but also those, like 
Physics, which might have been thought too exact to need statement in terms 
of the merely probable. The engineer, dealing as he always must with 
variable and uncertain material and with his structures and machines subject 
to uncertain calls on their strength and capacity, ought long ago to have felt 
the need for statistical methods and should gain considerably from their use. 
A growing realisation of this is reflected in recent engineering literature. 
Statistical analysis of the results of tests are becoming more common, while 
such analyses of flood data are proving of value to the hydraulic engineer. 
But the value of statistics other than the mean is not yet generally 
realised. For example, the results of experiments on the ultimate strengths 
of materials are always stated in a form which gives us no way of estimating 
the probability of fracture at any given stress less than the tabulated mean, 
and, in consequence, factors of safety are still no more than expressions of 
(frequently justifiable) prejudice. 

Dr. Fry, though he gives us some fascinating glimpses of applications on 
the economic side of engineering, such as the control by sampling of the 
qualities of manufactured products, fails to show the full extent of the possible 
applications of his theory. In consequence, the reader who is not interested 
in telephone exchanges may feel that the book is overloaded on the purely 
mathematical side. In this he would be mistaken, for there is very little 
theory here that cannot be put to use in more than one branch of engineering. 

The author's presentation of his material is very clear and always interesting. 
He is refreshingly concerned with the logic of his subject and is always ready 
with a problem or a paradox in illustration of a difficult idea. Starting from 
fundamentals, he gives a definition of " probability," ranging himself with the 
" insuflicient reasonists " and arguing their case effectively. He then develops 
the algebraic theory and proves the theorems of Bernoulli and Bayes. After 
a discussion of continuous variables, he devotes three chapters to the theory of 
statistics, dealing with averages and distribution functions in a thorough way. 
The discussion of the foundations of Poisson's Law is particularly good. The 
problem of fitting a frequency distribution to given data is dealt with at some 
length, very full consideration being given to the x* test of goodness of fit. 

Up to this point, the end of the ninth chapter, applications have been 
merely illustrative. The last two chapters are concerned wholly with 
applications. Chapter 10 deals with a fascinating group of exchange prob* 
lems, while the final chapter gives some account of the Kinetic Theory of 
Gases and of the Schottky Effect. 

More than 40 pages of Tables add greatly to the value of the book; 
factorials and their logarithms, binomial co-ef&cients, the error function, and 
the principal distributions are all included. 

The whole is well produced and printed and free from important mors* 
We hope that its considerable merits will lead to an early demand for a new 
edition and that Dr. Fry, by extending the scope of his applications, will t^n 
make it the important and influential work that it might easily become. 

R. C. J. Howxj^nd. 
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Monnito liirTefi: A Hiadbook for AntHualariil and Antt-mofgiiilo fiaU 

Wofkeri. By Malcolm E. MacGregor. [Pp. 282, with 59 figures 
and 3 xnaps.] (l^ndon : Baillidre, Tindall & Cox, for the Wellcome 
Bureau of Scientific Research^ 1927. Price 155. net.) 

Sir Rokald Ross, in a short Foreword, shows how especially qualified the 
author is to deal with the subject of this book. He further calls attention to 
the fact that, while we stand aghast at the mortality caused by the recent war, 
little or no heed is paid when a similar mortality is caused by a disease each 
year and every year, although its prevention is possible. 

The author endeavours to provide information for the officers and mem¬ 
bers of the Medical and Health Department oi Mauritius and Rodriguez with 
regard to the species of mosquitoes at present known to inhabit these islands. 
He further attempts to furnish both a brief explanation of the anatomy and 
bionomics of mosquitoes to non-entomological persons associated with anti¬ 
mosquito work, and also an introduction to the study of mosquitoes in 
general. 

The book is divided into three parts. In a few pages at the beginning of 
the first part, Mr. MacGregor gives brief descriptions of tlie islands of 
Mauritius and Rodriguez and discusses possible ori^ns of the mosquitoes in 
the two islands. He comes to the conclusion that it is safer to account for the 
mosquitoes by the immigration theory rather than assuming these islands 
were part of one large continent. He then goes on to give a good and well- 
illustrated account of the morphology of mosquitoes, dealing successively 
with the adult, egg, larva, and pupa. 

In the second part he deals with the mosquitoes of Mauritius and Rodri¬ 
guez in detail, both the classification and bionomics receiving attention. For 
the former the keys of Mr. F. W. Edwards are extensively quoted. 

In the final part laboratory and field technique are explained in simple 
and clear language. This part will be specially useful to persons engaged in 
anti-malaria work who have had no biological training. In addition there is a 
useful list of publications bearing on the subject and an adequate index. 

We consider that Mr. MacGregor has succeeded in producing a handbook 
which will be of great value to all anti-malaria and anti-mosquito workers. 
It is well arranged and illustrated, and deals with the subject so clearly that 
anyone, trained entomologist or otherwise, should be able to grasp thoroughly 
the entire subject; this should result in anti-malaria campaigns being carried 
out with more understanding and scientifically. It is a great pity the price 
of the book is so high* 


H. F, B. 
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Hill Publishing Co., 6 Bouverie Street, E.C.4, 1928. (Pp. xii + 275.) 
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Optische Methoden der Chemie. Von Fritz Weigert, A. O. Professor an der 
Universitat Leipzig. Leipzig: Akademische Verlagsgosellschaft, M.B.H., 
1927. (Pp. xvi + 632, with 16 plates and 341 text figures.) Price 36 M., 
bound 38 M. 

Colloid Chemistry. Theoretical and Applied. By Selected Intematioiial 
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Biology and Medicine. New York: The Chemical Catalog Company. 
419 Fourth Avenue, at 2yth Street, 1928. (Pp. 1029.) Price $15.50. 

The Constitution of Sugars. By Walter Norman Haworth, D.Sc., Ph.D., 
F.R.S., Professor of Chemistry and Director of the Department of Chemis¬ 
try in the University of Birmingham. London: Edward Arnold & Co.* 
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VII, 7a Abteilung, 27 Heft. Herausgegeben von Prof. Dr. G. Stein- 
mann und Prof. Dr. O. Wilckens. By A. W, Rogers. A. L. Hall, P. A. 
Wagner, and S. H. Haughton. Heidelberg: Carl Winters Univerai- 
statsbuchandlung, 1929. (Pp. 231. with 53 figures and 3 plates.) Price* 
ty Mk. 

The Scientific Principles of Plant Protection. By Hubert Martin, M.Sc.* 
A.R.C.SC., with a Foreword by Sir Daniel Hall, K.C.B., F.R.S. (Pp. 
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The Plant-life of the Balkan Peninsula. A Phytogeographical Study. By 
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30s. net. 

Biology of the Vertebrates. A Comparative Study of Man and bis Animal 
Alim. By Herbert Eugene Walter, Professor of Bkribgy, Bro wn 
University. New York: The Macmillan Company. 1928. »kv + 
789# with 687 figures.) Price ais. net. 
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forth by leading Authorities in Non-Technical Language that all may 
understand. Edited by Frances Mason. New York: The Macmillan 
Company^ 1928. (Pp. xx+ 392.) Price 21s. net. 

The Culture Value of Natural History. By Prof. J. Arthur Thomson^ 
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volume of plates only, iii in number.) 
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Agriculture and Fisheries, ** Fishery Investigations,** Series II, Vol. X, 
No. I, 1928. London: PubUshod by His Majesty's Stationery Office, 
1928. (Pp. xvi 4 - 498, with 15 plates.) Price 21s. net. 

]>arwinism and What it Implies. By Prof. Sir Arthur Keith, M.D., D.Sc., 
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The Principles of Applied Zoology. By Robert A. Wardle, M.Sc., Professor 
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Tht Problem of Fermentation. The Facts and the Hypotheses. By M. 
Schoen, Institut Pasteur, with an Introduction by F^f. A. Fembach. 
A Monograph of the Institut Pasteur, translated from the French by 
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X928* XX -h 409.) Price 215. net. 



742 SCIENCE PROGRESS 

Travels and Settlements of Early Man. A Study of the Origins of Human 
Progress. By T. S. Poster, M.D., Reader in Education, University of 
Bristol. London: Ernest Benn, Bouverie House, Fleet Street. (Pp. 
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F.S.I. and T. G. Bocking, M.I.Min.E., F.S.I. New and Revised Edition. 
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Everyday Science. A Course of General Science related to Human Activities. 
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Eighteenth Centuries, and their Work. A Study in the History of 
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University Press, 1929. (Pp. xiii 99, with 9 figures.) Price 6s. net. 
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